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Abstract Long-term therapy is often required for psori- 
asis. This article reviews the most recent long-term 
clinical data for biological agents that have been ap- 
proved or for which late-stage development data have 
been released for the treatment of patients with moder- 
ate to severe plaque psoriasis. Efficacy data are available 
for up to five 12- week courses of alefacept (approxi- 
mately 60 weeks of therapy) , 36 months (144 weeks) of 
continuous efalizumab, 48 weeks of continuous etaner- 
cept, and 50 weeks of bimonthly infliximab. Data 
sources include publications, product labeling, and 
posters presented at recent international scientific 
meetings. Alefacept appears to continue to be efficacious 
over multiple treatment courses for some responsive 
patients. The efficacy of efalizumab achieved during the 
first 12-24 weeks of therapy appears to be maintained or 
improved through at least 60 weeks of continuous 
treatment. The efficacy of etanercept appears to be 
maintained through at least 48 weeks of continuous 
treatment. Infliximab demonstrates a high response rate 
soon after initiation, which appears to be maintained 
through 24 weeks but declines modestly with therapy 
out to 50 weeks. After 48 weeks, approximately 60% of 
efalizumab-treated and 45% of etanercept-treated pa- 
tients remaining on therapy achieved >75% improve- 
ment from baseline in Psoriasis Area and Severity Index, 
as did 70.5%o of infliximab patients who did not miss 
more than two infusions. Safety data suggest that these 
agents may be used for long-term administration. Long- 
term data from psoriasis trials continue to accumulate. 
Recent data suggest that biological therapies have effi- 
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cacy and safety profiles suitable for the long-term 
treatment of patients with moderate to severe psoriasis. 
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Introduction 

Psoriasis is a chronic inflammatory, immune-mediated 
disease characterized by periods of spontaneous remis- 
sion and relapse [22]. Conventional nonbiological ther- 
apies for moderate to severe psoriasis, such as 
cyclosporine, methotrexate, and phototherapy, have 
proved effective in suppressing symptoms; and many 
dermatologists have at least a decade of experience using 
these treatment modalities [21]. Because of the chronic 
nature of psoriasis, many patients require lifelong 
symptom management. Conventional nonbiological 
systemic therapies have been successfully used as con- 
tinuous therapy in some patients for extended periods 
(e.g., methotrexate); however, for some patients, the 
long-term use of these agents may be limited by known 
toxicities, including nephrotoxicity (cyclosporine) [21], 
hepatotoxicity (methotrexate) [10], skin cancer (psora- 
len-ultraviolet A phototherapy, or PUVA) [23], and 
prolonged teratogenicity (oral retinoids) [5]. 

Current treatment guidelines recommend limiting the 
administration of cyclosporine to short-term (3-month) 
intermittent therapy or to no longer than 1-2 years 
continuously [11], reducing the dosage and minimizing 
lifetime exposure to methotrexate and ultraviolet irra- 
diation [12, 27], and avoiding treatment with oral reti- 
noids and several other conventional antipsoriatic 
therapies in women of childbearing potential [4]. Avail- 
able data suggest that, when used according to con- 
temporary guidelines and with appropriate monitoring 
for toxicity, conventional nonbiological treatments can 
be reasonably safe and tolerable [29]. However, mini- 
mizing toxicity while still providing continuous control 
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of psoriasis symptoms over a patient's lifetime repre- 
sents a clinical challenge. 

An improved understanding of the immunologic ba- 
sis of psoriasis led to the development of several targeted 
biological therapies that attempt to address the chal- 
lenge of providing long-term continuous disease control. 
The first biological agent approved for the treatment of 
adult patients with moderate to severe chronic plaque 
psoriasis, alefacept (Amevive®, Biogen Idee Inc.), is 
currently registered for use in several countries, includ- 
ing the United States but not the European Union (EU). 
Two others, efalizumab (Raptiva®, Genentech, Inc.; 
Serono International S.A.) and etanercept (Enbrel®, 
Amgen, Inc.; Wyeth Pharmaceuticals), are also regis- 
tered for this indication in multiple countries, including 
the EU and the United States. Another biological, inf- 
liximab (Remicade®, Centocor, Inc.; Schering-Plough 
Corp.), has presented Phase III clinical trial data for the 
treatment of psoriasis and recently became registered for 
use in the EU. The clinical trials programs for these four 
agents have demonstrated their safety and efficacy in 
patients with psoriasis over an initial period of several 
months; longer-term results are now becoming available. 
One other biological agent, adalimumab (Humira®, 
Abbott Laboratories), is at an earlier stage of develop- 
ment for psoriasis and has completed Phase II clinical 
trials for the disease. This article reviews the latest 
clinical data available regarding the long-term efficacy of 
these biological agents for treatment of psoriasis. 



Alefacept 

Alefacept is a fusion protein between human leukocyte 
function-associated antigen-3 (LFA-3) and the human 
IgGi antibody Fc region. By binding to the CD2 antigen 
on T cells, alefacept prevents T-cell activation and trig- 
gers apoptosis, preferentially targeting memory-effector T 
cells [3]. Alefacept has been evaluated as a weekly intra- 
venous (IV) 7,5-mg administration and as a weekly 
intramuscular (IM) 1 5-mg injection (Amevive® [alefacept] 
prescribing information; Cambridge, Mass: Biogen, Inc.; 
August 2004); however, only the IM dose is currently 
available. The efficacy and safety of a 12-week course of 
weekly IM alefacept 15 mg were evaluated in a ran- 
domized, placebo-controlled Phase III trial of adult pa- 
tients with chronic plaque psoriasis [minimum of 10% 
body surface area (BSA) affected by psoriasis] [1 5]. Two 
weeks after the treatment phase was completed (study 
week 14), the Psoriasis Area and Severity Index (PASI) 
improved by at least 75% from baseline (PASI-75) in 
21% of the 166 patients who received alefacept 15 mg per 
week, with 42% achieving at least a 50% improvement 
from baseline (PASI-50) (Amevive® [alefacept] prescrib- 
ing information). This compares with rates of 5 and 18%, 
respectively, for patients randomized to placebo (ra = 168; 
P< 0.001 for both comparisons). Mean percentage PASI 
improvement from baseline for a course of alefacept 
I5-mg IM therapy is shown in Fig. 1. 



Alefacept has demonstrated the longest psoriasis 
remission times among biological agents for psoriasis. 
Patients who achieved PASI-75 after a 12-week course 
of alefacept 1 5 mg per week (n — 54) maintained at least 
a PASI-50 response for a median period of approxi- 
mately 7 months [15]. Thus, the long-term use of alefa- 
cept as a remittive therapy has been explored through 
extension studies of additional treatment courses for 
patients who were enrolled in alefacept IV or IM Phase 
III trials. Efficacy data have been presented for up to five 
12-week courses of alefacept therapy (Le,, approximately 
60 weeks of treatment), although PASI responses are 
available for only the IV formulation [IM results were 
provided using Physician's Global Assessment (PGA)] 
(A. Menter et al, unpublished data presented at the 63rd 
Annual Meeting of the American Academy of Derma- 
tology, 2005). The analyses were performed on the as- 
treated patient population, and a patient was considered 
a responder if he or she achieved a response anytime 
during each 12-week treatment course. Using these cri- 
teria, PASI-75 response rates for IV alefacept increased 
from 29% during the first course of therapy (ra — 521) to 
54% during course 5 (n — 39). PGA response rates for 
the IM formulation increased from 21% of patients 
classified as "clear" or "almost clear" during course 1 
(rc = 457) to 41% during course 4 (rc=*I00), but the re- 
sponse rate decreased to less than 30% during course 5 
(«=50). 

Alefacept therapy appears to be well tolerated, even 
with long-term use. The primary concern with alefacept 
is T-lymphocyte depletion. Alefacept should not be ini- 
tiated in patients with CD4 + T-lymphocyte counts be- 
low normal, and biweekly CD4* T-ccll monitoring is 
recommended during each treatment course (Amevive® 
[alefacept] prescribing information). Alefacept should be 
withheld if T-cell counts fall below 250 cells/jtl and 
discontinued if they remain low for a month. Patients 
treated with alefacept during Phase III trials demon- 
strated a low incidence of malignancy, serious infections 
requiring hospitalization, and hypersensitivity reactions 
(Amevive® [alefacept] prescribing information). The 
integrated safety database for alefacept includes a total 
of 1,869 alefacept-treated psoriasis patients and includes 
patients who have received up to nine courses of alefa- 
cept therapy (n = 8) over a 5-year period. Despite the 
paucity of data for multiple treatment courses, the 
incidence of common adverse events (e.g., headache, 
nasopharyngitis, influenza, upper respiratory tract 
infection, and pruritus), serious adverse events, infec- 
tions, malignancies, and autoantibody production ap- 
peared to fluctuate little with additional treatment, 
although the safety of long-term alefacept therapy will 
need to continue to be assessed. 



Efalizumab 

Efalizumab is a recombinant humanized monoclonal 
IgG| antibody against the a subunit (CD1 la) of LFA-1, 
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Fig, 1 Mean percentage psoriasis area and severity index (PAS!) 
improvement from baseline in randomized placebo-controlled, 
Phase III studies of biological agents for the treatment of psoriasis. 
ETANERCEPT Results for etanercept 25 or 50 mg twice weekly 
for 24 weeks [IS]. Sample size at each PASI assessment was not 
reported. EFALIZUMAB Results for the use of efalizumab 1 mg/ 
kg/week for 12 weeks followed by a 12»week open-label extension 
phase [6, 19]. The efficacy-evaluable population for this study 
included all patients randomized to efalizumab treatment (n - 369), 
which differs from other efalizumab trials (and those of the other 
agents discussed) that include only patients who received at ieast 1 
dose of the study drug. Following are the sample sizes at each PASI 



assessment, represented by the data points. For efalizumab: week 0, 
369; week 2, 357; week 4, 353; week 8, 352; week 12, 347; week 16, 
322; week 20 > 323; week 24 , 312. For placebo: week 0, 187; week 2, 
186; week 4, 184; week 8, 180; week 12, 175 [19]. ALEFACEPT 
Alefacept results for the available 15-mg intramuscular {IM) dose 
[15]. Drug was administered weekly for 12 weeks, followed by 
observation for 12 weeks. In this study , 166 patients were 
randomized to receive alefacept 15 mg IM and 168 patients to 
receive placebo. Sample sizes at each PASI assessment were not 
provided. Statistical comparisons were not reported. Note Data for 
infliximab were not available 



which modulates several key steps in the immuno- 
pathogenesis of psoriasis, including initial T cell activa- 
tion, trafficking from the circulation into psoriatic 
lesions, and reactivation therein [13], Multiple Phase III 
clinical trials have demonstrated the efficacy, safety, and 
health-related quality-of-life (HRQOL) benefits of 
12 weeks of subcutaneous (SC) efalizumab therapy in 
patients with moderate to severe chronic plaque psori- 
asis [6, 16, 20, 24, 28]. As will be discussed later, avail- 
able clinical data support the efficacy of extending 
efalizumab treatment beyond 12 weeks, as reflected in 
the European guidelines (European Medicines Agency: 
Raptiva [efalizumab] summary of product characteris- 
tics; http: / /www.emea.euint/humandocs/Humans/EPAR/ 
Raptiva/raptiv/htm; 2005). 

The Phase III study that served as the basis for 
efalizumab labeling evaluated the efficacy and safety of 



efalizumab 1 mg/kg weekly [6], A total of 556 adult 
patients with moderate to severe chronic plaque psori- 
asis (baseline PASI >12.0 and >10% BSA affected) were 
randomized to receive efalizumab (rt : =369) or placebo 
(/? 187) double-blind for 12 weeks; all patients were 
then eligible to receive extended efalizumab open-label 
treatment for an additional 12 weeks [19], A significant 
efalizumab treatment effect relative to placebo was 
achieved at 12 weeks, and extended treatment conferred 
additional clinical benefit. Using an intent-to-treat 
(ITT) analysis with the last observation carried forward 
(LOCF) for patients with missing data, the percentage 
of efalizumab-treated patients who achieved PASI-75 
increased from 27% at week 12 (vs. 4% with placebo, 
P< 0.001) to 44% at week 24. Similarly, the percentage 
of efalizumab-treated patients who achieved PASI- 50 
and PASI-90 increased from 59 to 67% and from 5 to 
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15% at weeks 12 and 24, respectively. The mean per- 
centage PASI improvement relative to baseline in- 
creased from 52% at week 1.2 to 67% at week 24 
(Fig, 1) [6, 19]. Mean percentage PASI improvement 
appeared to increase throughout the 24-week duration 
without any evidence of a plateau effect. Two addi- 
tional Phase III studies with similar placebo-controlled, 
double-blind initial 12-week treatment periods support 
the efficacy and safety of efalizumab therapy over 
24 weeks [16, 17]. 

An open-label Phase III study evaluated the efficacy, 
safety, and tolerability of up to 36 months of contin- 
uous efalizumab treatment. At the time of this writing, 
results through 60 weeks of the trial and through 
27 months (108 weeks) of the trial have been published 
[7, 9] and data through 36 months (144 weeks) have 
been presented (A.B, Gottlieb et al, unpublished re- 
sults reported at the 63rd annual meeting of the 
American Academy of Dermatology, 2005). A total of 
339 patients with moderate to severe plaque psoriasis 
received weekly efalizumab 2 mg/kg for 12 weeks; of 
the 308 patients who completed the initial treatment 
period, 290 patients (94%) achieved PASI-50 or a static 
Physician's Global Assessment (sPGA) of mild, mini- 
mal, or clear at week 12 and were allowed to receive 
maintenance treatment with efalizumab 1 mg/kg per 
week for up to 33 additional months (132 weeks) [7, 9]. 
At completion of the first 12- week treatment period, 
41% of patients achieved PASI-75. Preliminary results 
showed that, by week 60, PASI-75 responses were ob- 
served in 49% of the ITT population (n - 339) and in 
57% of patients (rc = 290, last observation carried for- 
ward) who were analyzed by means of a maintenance 
group analysis, which included only patients eligible to 
receive continued efalizumab. An as-treated analysis 
indicated that 64% of patients (w = 228) achieved PASI- 
75 at week 60 (PASI-75 results through week 48 are 
shown in Fig. 2) [7]. Results in this trial support the 
sustained efficacy of up to 36 months of continuous 
efalizumab treatment (A.B. Gottlieb et al, unpublished 
results reported at the 63rd annual meeting of the 
American Academy of Dermatology, 2005). 

Some limitations of the 3-year study are noted. At 
initiation of the trial, the label-supported dosage of 

1 mg/kg had not been established; thus, a dosage of 

2 mg/kg was administered during the initial 3-month 
period. It was subsequently demonstrated that the safety 
and efficacy do not differ for the 1- and 2-mg/kg doses 
[16, 17], In addition, although relatively few patients 
were affected ( < 4%), a dose increase of up to 4 mg/kg 
was allowed up through 15 months of the study. Use of 
the LOCF procedure during analysis of ITT data might 
introduce bias in the final result; depending on the re- 
sponse of the patient, the bias could overestimate or 
underestimate the final result. 

Clinical trials have shown that efalizumab is generally 
well tolerated and has a favorable safety profile over an 
initial 12- week treatment period [6, 16, 24, 28], Results 
of the extended studies described here support the con- 



tinued safety and tolerability of efalizumab treatment 
periods longer than 12 weeks [7, 9, 16, 17, 19], The most 
common adverse events associated with efalizumab 
administration are acute flulike symptoms (headache, 
chills, fever, myalgia, vomiting, and nausea) observed 
primarily following the first two doses. After the third 
and subsequent doses, the incidence of acute adverse 
events in efalizumab-treated patients is comparable to 
that observed in placebo recipients. The extended 
treatment studies have shown that, with the exception of 
an expected reduction in acute adverse events, the inci- 
dence and intensity of adverse events during the second 
and subsequent treatment periods are similar to those 
observed during the first 12 weeks. To date, no evidence 
of cumulative or end-organ toxicity has been found with 
efalizumab. Thrombocytopenia has been reported dur- 
ing efalizumab clinical trials (Raptiva® [efalizumab] 
package insert; South San Francisco, Calif; Genentech, 
Inc.; June 2005), and recently a statement about the 
development of hemolytic anemia has been added to the 
prescribing information (Raptiva® [efalizumab] package 
insert). Worsening of psoriasis and psoriasis variants has 
been observed in 3% of efalizumab patients during 
therapy (i.e., generalized inflammatory flare), and in 
14% of patients following abrupt discontinuation of 
efalizumab (i.e., rebound) [1]. The likelihood of experi- 
encing rebound was inversely related to the PASI re- 
sponse at week 12; 72% of patients experiencing 
rebound were nonresponders, and only 10% had 
achieved PASI-75 [1]. New-onset or worsening arthritis 
has been infrequently reported during clinical trials and 
postmarketing (Raptiva [efalizumab] package insert). 
Based on available clinical data from up to 36 months of 
continuous treatment, efalizumab does not appear to be 
associated with an increased risk of malignancy or 
opportunistic infections observed in immunosuppressed 
hosts [7 3 16, 17, 19, 28]. Because the numbers of patients 
evaluated in the long-term studies have been relatively 
small, the incidence of malignancy and infection will be 
assessed postmarketing (Raptiva [efalizumab] package 
insert). 



Etanercept 

Etanercept is a recombinant fusion protein comprising 
domains of the 75-kDa human tumor necrosis factor 
(TNF) receptor and human IgG^ which inhibits the 
activity of TNF-a, a proinflammatory cytokine impli- 
cated in psoriasis. The efficacy, safety, and HRQOL 
benefits of 12 and 24 weeks of etanercept therapy in 
patients with moderate to severe chronic plaque psori- 
asis (baseline PASI >10 and >10% of BSA affected) have 
been demonstrated in Phase III clinical trials [18, 25]. 
There is also clinical experience with etanercept in other 
indications, such as rheumatoid arthritis (RA). Recom- 
mended dosage in the EU is 25 mg administered SC 
twice weekly for up to 24 weeks. Dosing at 50 mg twice 
weekly is also possible for the first 12 weeks followed by 
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Fig, 2 Percentage of patients achieving 75% improvement from 
baseline psoriasis area and severity index (PA SI). Solid lines 
indicate intention-to-treat analyses; broken lines indicate as-treated 
analyses (efalizumab) or modified ITT analysis (infliximab) 
ETANERCEPT Results shown are from an etanercept study in 
which patients received etanercept 25 mg (ji = 196), etanercept 
50 mg 01=194), or placebo (« — 193) twice weekly for 12 weeks 
followed by open-label etanercept 25 mg twice weekly for up to 36 
additional weeks [25]. Efficacy was evaluated in the iTT 
population. Published data beyond 24 weeks are not available; 
however, the data presented at several international medical 
congresses [e.g., European Academy of Dermatology and Vene- 
reology (EADV)> American Academy of Dermatology (A AD)] 
suggest that the additional efficacy initially achieved with 
etanercept 50 mg twice weekly beyond that obtained with the 
50-mg-per-week dose might not be sustained in the long term 
following dose reduction {unpublished data presented at the 2004 
EADV and 2005 summer AAD meetings). EFALIZUMAB 
Results are shown for efalizumab from an open-label Phase HI 
study (k — 339) of efalizumab 2 mg/kg/week for 12 weeks, fol- 
lowed by 1 mg/kg/week for up to 33 additional months in patients 
who achieved PASI-50 or a static Physician's Global Assessment 
(sPGA) of mild, minimal, or clear at week 12 [7], The dosage 
received during the first 12 weeks was higher than that later 
approved for clinical use (I mg/kg/week). Efficacy was evaluated 
in the intent-to-treat (ITT) population throughout the study and 
is presented through 48 weeks; as-treated analysis is shown after 



Weeks 

*p <0.001 vs placebo, 

12 weeks through week 48. Sample sizes for as-treated analysis are 
as follows: week 24, 290; week 36, 269; week 48, 247 [7]. The 
shaded portion specifies a response window framed by the most 
conservative measure of efficacy (ITT) and the response of 
patients that remain on therapy (as-treated). ALEFACEPT 
Results are shown for alefacept 7,5 mg administered intravenously 
(IV) (A. Menter et al, 5 unpublished data presented at the 63rd 
annual meeting of the American Academy of Dermatology); long- 
term PASI-75 response rates for the alefacept intramuscular (IM) 
dosing regimen have not been reported, Each course represents 
12 weekly alefacept infusions followed by a minimum of 12 weeks 
of treatment-free observation. The second course was initiated 
12 weeks after the first course [14]; additional treatment courses 
were initiated when the patient was deemed by the investigator to 
require systemic therapy or phototherapy for psoriasis recurrence. 
Course 5 represents patients who may have received up to 60 total 
weeks of alefacept treatment. Sample sizes are as-treated numbers. 
INFLIXIMAB Results are shown for infliximab patients who were 
randomized to receive IV infliximab 5 mg/kg or placebo at 
initiation, week 2, week 6, and then every 8 weeks through week 
46 [26]. Analyses through week 10 were performed using the ITT 
population (infliximab, « = 301; placebo, n = 71); anaiyses through 
week 50 were based on a "modified ITT" population («^234) 
where missing data were considered as nonresponse for patients 
who withdrew from the study due to preselected reasons (mainly 
related to lack of efficacy; patients who withdrew for other 
reasons were omitted from the analysis) 
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a "step-down" to 25 mg twice weekly. Based on pub- 
lished clinical data, European guidelines indicate that 
nonresponders should discontinue etanercept after 
12 weeks and that reinitiation of etanercept treatment is 
possible after discontinuation (European Medicines 
Agency. Enbrel [etanercept] summary of product char- 
acteristics; http: // www. emea.eu in t/humandocs/Humans/ 
EPAR/enbrel/enbrel.htm; 2005). In the United States, a 
50-mg prefilled syringe recently became available, and 
the recommended dosing of etanercept is 50 mg twice 
weekly for the first 12 weeks of treatment, followed by 
step-down to 50 mg once weekly (Enbrel® [etanercept] 
package insert; Thousand Oaks, Calif: Immunex Cor- 
poration; October 2005). 

A placebo-controlled, double-blind Phase III study 
demonstrated the safety and efficacy of 12 and 24 weeks 
of etanercept treatment [18]. A total of 672 patients were 
randomized 1:1:1:1 to receive placebo or etanercept 
25 mg once weekly, 25 mg twice weekly, or 50 mg twice 
weekly via SC injection for 12 weeks. Etanercept recip- 
ients who completed the initial treatment period con- 
tinued on their assigned dosage for an additional 
12 weeks. Whereas efficacy was originally reported only 
in patients who received at least 1 dose of study drug 
(n — 652) [18], some data were subsequently reanalyzed 
for all patients who were enrolled and randomized, 
irrespective of whether the study drug was administered 
(Enbrel® [etanercept] package insert). These data are 
discussed herein to allow for a more accurate compari- 
son with ITT data from efalizumab clinical trials. This 
reanalysis showed that among patients randomized to 
receive etanercept 25 or 50 mg twice weekly (the dosages 
most similar to those now recommended in Europe and 
the United States), 32 and 47% of patients, respectively, 
achieved PASI-75 at week 12, increasing to 41 and 54% 
at week 24 (Enbrel® [etanercept] package insert). The 
mean percentage PASI improvement reported in pa- 
tients who received at least 1 dose of etanercept 25 or 
50 mg increased from 53 to 64%, respectively, at week 
12 to 62 and 71% at week 24. However, it appears that 
the mean percentage PASI improvement began to pla- 
teau around week 20 (Fig. 1). 

Results from the first 24 weeks of a 48-week contin- 
uous etanercept therapy global Phase III psoriasis study 
were recently published. In the initial 12- week, placebo- 
controlled, double-blind phase of the study, 61 1 patients 
were randomized 1:1:1 to receive placebo or etanercept 
25 or 50 mg twice weekly; all patients were then eligible 
to receive open-label etanercept 25 mg twice weekly for 
up to 36 additional weeks. Results at 12 and 24 weeks 
were reported for all randomized patients who received 
at least 1 dose of study drug (« = 583) using the LOCF 
procedure for analysis and for all randomized patients 
regardless of whether they received study drug (n = 61 1), 
with the assumption that patients with missing data had 
not met the criteria for response at that end point [25]. 
At 12 weeks, 32 and 46% of all patients randomized to 
receive etanercept 25 or 50 mg twice weekly, respec- 
tively, achieved PASI-75 (vs. 3% for placebo, P< 0.0001 



both comparisons). The PASI-75 response rate was 
slightly higher among patients who received at least 1 
dose of etanercept 25 or 50 mg (34 and 49%, respec- 
tively), increasing to 45 and 54% at week 24 [25]. Data 
presented for this study at scientific meetings [2004 
meeting of the European Academy of Dermatology and 
Venereology [EADV] and 2005 meeting of the American 
Academy of Dermatology (AAD)] indicated that among 
patients continuing on etanercept 25 mg twice weekly, 
the PASI-75 response achieved at week 24 was main- 
tained through week 48 of continuous treatment and 
suggested that the greater PASI-75 response rate initially 
observed after 24 weeks in the group initially random- 
ized to etanercept 50 mg twice weekly decreased slightly 
after per-protocol dose reduction, with PASI-75 re- 
sponse rates reaching a similar level in both groups 
during the open-label treatment phase' (W. Sterry, 
unpublished data). 

A randomized, placebo-controlled, multicenter Phase 
III study to evaluate the safety and efficacy of etanercept 
50 mg twice weekly over the course of 2 years is cur- 
rently ongoing. Preliminary results after 48 weeks of 
therapy were recently reported (S.K. Tyring et aL, 
unpublished data presented at the summer meeting of 
the American Academy of Dermatology, 2005). In this 
trial, patients were randomized to receive either etaner- 
cept 50 mg (rc — 311) or placebo twice weekly for 
12 weeks (» = 307), followed by open-label etanercept 
50 mg twice weekly. Etanercept demonstrated statisti- 
cally significant improvements in PASI response rates 
compared with placebo by week 4 of therapy. Response 
rates continued to increase through 24 weeks of therapy, 
after which they appeared to plateau. Approximately 
60% of patients achieved a PASI-75 response at week 
24, with a similar proportion at week 48. 

Clinical data support the safety and tolerability of 
12-24 weeks of etanercept treatment in patients with 
psoriasis [18, 25], Published results from psoriasis clini- 
cal trials showed that etanercept was generally well 
tolerated. Adverse events observed during the initial 
12- week placebo-controlled period were typically mild to 
moderate in intensity and occurred with similar fre- 
quency in etanercept and placebo groups [18, 25]. No 
apparent change in the adverse events profile occurred 
during the second 12-week period of the trials [18, 25]. 

Safety outcomes of the long-term Phase III psoriasis 
clinical trial, particularly for patients who received 
50 mg twice weekly, have not yet been presented in de- 
tail; however, a preliminary analysis integrating data 
from the Phase II and 2 Phase III etanercept clinical 
trials, in which many patients received the 25-mg dosage, 
suggested that no new pattern of adverse events emerged 
during up to 60 weeks of treatment (A.B. Gottlieb et al., 
unpublished data presented at the 62nd annual meeting 
of the American Academy of Dermatology, 2004), 
Psoriasis clinical trials revealed no evidence of increased 
risk of opportunistic infections, tuberculosis, or skin 
cancers during up to 60 weeks of etanercept treatment 
(A.B. Gottlieb et al, unpublished data, 2004). Whereas 
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long-term data from clinical trials in many patients 
receiving etanercept for other indications, such as RA, 
support the general safety and tolerability of the 25-mg 
dosage, there have been infrequent cases of tuberculosis 
and rare cases of demyelinating disorders, pancytopenia, 
and congestive heart failure (Enbrer [etanercept] 
package insert, European Medicines Agency; Enbrel 
[etanercept] summary of product characteristics; http:// 
www.emea.eu int/humandocs/Humans/EPAR/enbrel/ 
enbrelhtm; 2005). 



Infliximab 

Infliximab, a chimeric monoclonal antibody that binds 
membrane-bound and soluble TNF-a, is still under 
evaluation for use in patients with psoriasis. Infliximab 
has demonstrated efficacy in psoriasis patients in ran- 
domized, placebo-controlled Phase II trials [2, 8]. 
However, the results of an international multicenter, 
randomized, placebo-controlled Phase III trial of adult 
patients with plaque psoriasis (baseline PASI >12 and 
>10% of BSA affected) were recently reported [26]. Pa- 
tients were randomized to receive IV infliximab 5 mg/kg 
(fi = 301) or placebo (ft = 77) at initiation, week 2, and 
week 6 and then every 8 weeks through week 46. The 
placebo group crossed over to infliximab treatment at 
week 24, but the study remained blinded throughout. 
Patients who discontinued the study early because of 
lack or loss of response or for whom insufficient data 
were available were treated as not achieving the end 
points for analysis of the ITT population. At week 10 of 
treatment, the PASI-75 response rate was 80.4% in the 
infliximab-treated group and 2.6% in the placebo- treated 
group. This level of response was sustained through 
week 24. At week 50, the proportion of the ITT popu- 
lation that achieved PASI-75 dropped to 60.5%. How- 
ever, excluding patients who missed 2 infusions, the 
PASI-75 rate at week 50 was 70.5% (»=*234). The rea- 
son for the moderate reduction in efficacy is unclear but 
may be due to the development of inhibitory antibodies 
in a percentage of the patients. 

The safety profile for infliximab during this extended 
treatment Phase III trial appears to be comparable 
to those observed during earlier studies [26]. The inci- 
dence of adverse events and serious adverse events in 
infliximab-treated patients was slightly elevated relative 
to those in placebo recipients through the first 24 weeks 
of treatment, and one patient who received infliximab 
died of sepsis. Elevations in aminotransferases were 
also observed in some infliximab-treated patients. In 
this trial, infection rates were comparable between the 
treated and placebo groups; however, like etanercept, 
postmarketing data from infliximab-treated patients 
with RA, Crohn's disease, or other indications for 
which infliximab is approved suggest a potential in- 
creased risk for events such as opportunistic infections 
(e.g., tuberculosis), lymphoma, or congestive heart 
failure. 



Adalimumab 

Adalimumab is a fully human monoclonal antibody that 
binds TNF-a, It is currently being evaluated in Phase III 
clinical studies for the treatment of moderate to severe 
plaque psoriasis. Results from a Phase II randomized, 
double-blind, placebo-controlled, multicenter clinical 
trial have been presented (K.B, Gordon et al., unpub- 
lished data presented at the 62nd annual meeting of the 
American Academy of Dermatology, 2004). Patients 
were randomized to receive placebo (w=52) or ada- 
limumab, either an 80-mg first dose followed by 40 mg 
every other week (EOW; n^46) or an 80-mg first and 
second dose followed by 40 mg every week (n = 50), for 
12 weeks. In the preliminary analysis and presentation, 
53 and 80% of the patients receiving adalimumab EOW 
or every week, respectively, achieved a PASI-75 re- 
sponse, compared to 4% of the patients receiving pla- 
cebo in ™ 52), However, a careful reanalysis of the data 
suggested that the true efficacy was several percentage 
points lower (R.G.B. Langley et al, unpublished data, 
presented at the Fall European Academy of Dermatol- 
ogy and Venereology, 2005). Adverse events were similar 
to placebo, with headache, injection site pain, nausea, 
elevated triglycerides, cough, sinus congestion, and fa- 
tigue most common. Injection site pain was more fre- 
quent in the adalimumab 40-mg/week group (12%) than 
in the placebo group (6%). 



Comparison of biological agents 

In the absence of head-to-head clinical trials, it is diffi- 
cult to accurately compare the efficacy of the biological 
agents for psoriasis. However, most of these agents use 
comparable evaluations of treatment efficacy. Alefacept 
is an exception, as it is used as remittive therapy; and 
alefacept data are presented using the as-treated popu- 
lation and "response at any time" analyses. Thus, al- 
though alefacept appears to maintain efficacy in 
responsive patients over multiple courses of treatment 
(Fig. 2), its efficacy cannot be readily compared with 
efalizumab, etanercept, or infliximab. 

Available long-term data indicate that the improve- 
ments in psoriasis achieved during the first 12-24 weeks 
of efalizumab therapy are maintained or improved 
through at least 60 weeks of continuous treatment. Data 
support the efficacy of efalizumab through at least 
36 months of continuous treatment. The efficacy of 
etanercept 25 mg administered twice weekly appears to 
be maintained through at least 48 weeks of continuous 
treatment. Preliminary findings of the PASI-75 response 
rate in patients who "step down" from etanercept 50 mg 
twice weekly to 25 mg twice weekly suggest that the 
initial improvements achieved with etanercept. 50 mg 
twice weekly beyond what is observed with the 25-mg 
twice-weekly dose are slightly reduced following the 
recommended dose reduction. For infliximab, the very 
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high response rates obtained after 10 weeks of treatment 
appear to be sustained through 24 weeks but show a 
moderate reduction through 48 weeks with infusions 
every 8 weeks. Week 48 PASI-75 response rates were 
62% for efalizumab-treated patients and approximately 
45% for etanercept-treated patients (as-treated popula- 
tions; Fig, 2). The PASI-75 response rate at week 50 for 
infliximab was 70,5% in patients who did not miss more 
than 1 infusion (Fig. 2). 

The longer-term studies summarized here are not 
directly comparable because of differences in patient 
eligibility for initial enrollment and maintenance treat- 
ment and inclusion in efficacy analyses. For example, in 
contrast to the long-term etanercept study, patients in 
the efalizumab open-label trial were eligible for main- 
tenance treatment only if they achieved a reasonable 
response during the first 12 weeks. This included the 
majority (94%) of patients completing the initial 
treatment phase. For the ITT efficacy analyses (pre- 
sented through 12 weeks), all efalizumab-treated pa- 
tients were included, even those who did not achieve 
PASI-50 or sPGA of mild, minimal, or clear at week 12 
and were required to discontinue the trial Direct data 
comparisons are further compromised by the available 
analyses, Efalizumab data are presented as both an ITT 
analysis for 48 weeks and an as-treated analysis for 
weeks 12 through 48. Etanercept data are presented as 
an ITT analysis through 48 weeks. Results from the 
long-term infliximab study are presented as an ITT 
analysis for the first 10 weeks of the trial and thereafter 
are presented as a "modified ITT" population, where 
missing data were considered as nonresponsive for pa- 
tients who withdrew from the study for preselected 
reasons. 

Given that psoriasis is a chronic, incurable disease, 
the availability of long-term data is critical for derma- 
tologists evaluating treatment options. There is a pau- 
city of long-term data derived from robust clinical trials 
for conventional nonbiological psoriasis therapies; 
therefore, dermatologists generally rely on treatment 
guidelines and personal experience in making their 
decisions about long-term administration of therapies 
such as methotrexate and cyclosporins Because bio- 
logicals represent a new approach to the management 
of psoriasis, long-terra data are of particular impor- 
tance for this therapeutic class, Alefacept appears to be 
an effective therapy for inducing extended remissions in 
a small population of patients, and it has a demon- 
strated safety profile for remittive use. The long-term 
data available to date for efalizumab indicate that ini- 
tial improvements in psoriasis are sustained for up to 
36 months. Data from multiple clinical trials indicate 
that 22-41% of patients achieved PASI-75 in the first 
3 months of therapy [6, 7, 16, 17, 24]; in an extended 
trial of patients receiving continuous therapy up to 
36 months, 45,4% of the patients achieved PASI-75 at 
the 36-month end point (C.L. Leonardi et al, manu- 
script in preparation). Studies evaluating the long-term 
use of etanercept are under way, but only limited data 



are currently available, as suggested by the current 
24-week limit for etanercept therapy in Europe, At 
12 weeks, 49% of patients who received etanercept 
50 mg twice weekly achieved PASI-75 [25]. Available 
data suggest that improvements are maintained for 
48 weeks, as 60% of patients receiving 50 mg twice 
weekly achieved PASI-75 (S.K. Tyring et al, unpub- 
lished data presented at the summer meeting of the 
American Academy of Dermatology, 2005). Impor- 
tantly, the safety data reported to date indicate that the 
safety profiles of efalizumab and etanercept allow for 
continuous long-term administration. Infliximab has 
demonstrated excellent response rates with induction 
and extended therapy, with an every-8-week infusion 
schedule optimal. 

The approval of biological therapies, that is, the 
T-cell-modulators alefacept and efalizumab and the 
TNFtf antagonist etanercept, along with the develop- 
ment of other TNFoc antagonists such as infliximab and 
adalimumab, represent significant advances for the 
management of psoriasis. Their efficacy and safety pro- 
files suggest that they may be suitable for remittive or 
continuous long-term administration, providing derma- 
tologists with new options for the long-term manage- 
ment of their patients with psoriasis. The safety and 
efficacy data from ongoing clinical trials and the expe- 
rience of dermatologists are important to define further 
how these agents can best be integrated into the psoriasis 
armamentarium. 
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COMMENTARY 



ECM remodeling (Cox and Helveting, 
2006) and wound healing {Ashcroft et 
aL, 2003; Mills etaL, 2005). ft has been 
postulated that striae may result from 
an exaggerated wound healing process 
(Pinkus et aL, 1966), and, clinically — 
in pregnancy at least — the severity of 
striae appears to be related to a younger 
maternal age, although the age of onset 
of striae was not recorded by Salter et 
aL (2006). Of further interest is a signifi- 
cantly higher occurrence of varicosities 
in those individuals also presenting with 
striae (Salter et a/., 2006), It is plausible 
that these phenomena describe a gener- 
alized deterioration of ECM structures 
that could result from a number of bio- 
logical events. 

The study by Salter et aL (2006) pre- 
sents an appealing relationship between 
the occurrence of skin striae and pelvic 
relaxation. It will be interesting to see 
whether prospective studies in this area 
can confirm whether clinical dermato- 
logical examination can identify, and 
therefore target therapy to, individuals at 
risk of prolapse in later life. 
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Psoriasis is a common skin disorder, and 
estimates of its prevalence vary from 

0. 5% to 4.6% of the world population. 
A significant proportion of patients may 
also exhibit psoriatic arthritis, although 
the onset of arthritis can precede the 
development of psoriasis. Psoriasis is 
an inflammatory disorder that is char- 
acterized by epidermal hyperplasia, 
increases in keratin expression, and 
recruitment of T cells as well as changes 
in the endothelial vascular system (Bos 
et a/ v 2005; Bowcock and Krueger, 
2005; Krueger and Ellis, 2005). On the 
basis of the analysis of the cytokines 
produced, psoriasis is often considered 
to be aT-helper 1 condition, as levels of 
IFN-y, tumor necrosis factor (INF), IL~ 

1, IL~2, IL-6, and IL-8 are increased in 
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psoriatic lesions. The recruitment of T 
cells is likely to be critical to the devel- 
opment of the disease; however, the 
immunology of psoriasis is complex, 
and several other cell types, including 
dendritic cells, phagocytes, and kera- 
tinocytes, are also likely to play a role 
(Bos eta/., 2005; Bowcock and Krueger, 
2005; Krueger and Ellis, 2005). 

Recent advances in treatment have 
confirmed a role for T ceils in psoriasis, 
and agents that target T cells, such as 
alefacept and efalizumab, have been 
shown to reduce the symptoms of pso- 
riasis. Interesting^ anti-TNF therapies 
have also proved effective at treating 
psoriasis, demonstrating a critical role 
for this cytokine in the condition (Bos et 
aL, 2005; Bowcock and Krueger, 2005; 
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Signaling Downstream of p38 in 
Psoriasis 

J. Simon C. Arthur 1 and Joanne Darragh 1 

Psoriasis is an inflammatory skin disease characterized by infiltration of the skin 
by T cells and increased production of pro-inflammatory cytokines. Two recent 
reports show that the p38-activated kinases mitogen-activated protein kinase- 
activated protein kinase 2 and mitogen- and stress-activated protein kinase 
are activated in psoriatic skin and may contribute to the production of pro- 
inflammatory cytokines. 
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Krueger and Ellis, 2005). The source of 
TNF in psoriasis is, however, unclear, as 
several cell types, including both T cells 
and keratinocytes, have the potential to 
produce TNF in the skin. The signaling 
pathways that mediate both the produc- 
tion and the pathological effects in psori- 
atic skin are also not clearly defined 

Mitogen-activated protein kinases 
(MAPKs) form a series of conserved sig- 
naling networks in mammalian cells 
(Roux and Blenls, 2004). Four main 
groups of MAPKs have been identi- 
fied: the classical MAPKs extracellular 
signal-regulated kinase 1 (ERK1) and 
ERK2; c-Jun N-terminai kinases (JNKs); 
p3B MAPKs; and atypical MAPKs such 
as ERK5 and ERK3. Of these, both the 
ERK1/2 and p38 MAPK cascades have 
been implicated in the production of 
TNF, and, in addition, these cascades 
are also activated in many cell types in 
response to TNF signaling. p38 MAPKs 
have also attracted particular interest in 
the immune system, as p38 was origi- 
nally identified as the cellular target of 
a group of drugs that inhibited pro- 
inflammatory cytokine production in 
response to lipopolysaccharide. This has 
led several companies to develop and 
patent p38 inhibitors as potential treat- 
ments for several inflammatory diseases, 
including arthritis and psoriasis. 

Analysis of psoriatic skin has shown 
that the levels of both ERK1/2 and p38 
activity are increased, which is consistent 
with a potential role for these kinases in 
the development of psoriasis (Johansen 
et aL, 2005}. Both the ERK1/2 and p38 
MAPK cascades are able to activate 
additional downstream kinases: ERK1/2 
activates ribosomai S6 kinase, p38a acti- 
vates MAPKAP-K2, and both ERK1/2 and 
p38oc are able to activate mitogen- and 
stress-activated protein kinase 1 (MSK1) 
and MSK2 (Roux and Blenis, 2004). Two 
recent reports have now also shown that 
at least two of these downstream kinases, 
MAPKAP-K2 and MSK1, are activated in 
psoriatic skin. 

Studies on MAPKAP-K2 knock- 
out mice have identified a role for this 
kinase in the production of some pro- 
inflammatory cytokines in response to 
lipopolysaccharide, notably TNF, IL-6, 
IL-1J3, and IFN-Y(Kotiyaroveta/., 1999), 
Levels of these cytokines in MAPKAP- 
K2 knockout mice were significantly 



decreased as compared with those in 
wild-type controls in response to lipo- 
polysaccharide, MAPKAP-K2 is thought 
to control cytokine production at a post- 
transcriptional level, both via the regula- 
tion of RNA stability, as happens for IL-6, 
and by control of protein translation, as 
occurs for TNF (Kotlyarov et a/., 1999; 
Neintnger etaL, 2002). In a recent paper 
in the journal of Immunology, johansen 
etaL (2006) have shown that TNF protein 
levels, but not those of the TNF mRNA, 
are increased in psoriatic skin. The lev- 
els of MAPKAP-K2 activity, as judged by 
phospho-blotting, were also increased 
in psoriatic skin, suggesting a possible 
mechanism for the elevated TNF levels. 
Consistent with this, it was found that 
small interfering RNA (siRNA)-mediated 
knockdown of MAPKAP-K2 reduced the 
production of TNF in primary keratino- 
cytes stimulated with IL-1p (Johansen et 
a/., 2006). St would therefore be of inter- 
est to see whether knockout of MAPKAP- 
K2 results in a protective effect in mouse 
models of skin inflammation. 

At least two of these 
downstream kinases, 
MAPKAP-K2 and MSK1, 
are activated in psoriatic 
skin. 

MSK1, and the related kinase MSK2, 
are nuclear kinases activated downstream 
of both ERK1/2 and p38ot (Darragh etaL, 
2005). Double knockouts of both MSK1 
and MSK2 are viable (Wiggin et al ( 
2002) and do not exhibit an overt pheno- 
type. Cells from these mice have, how- 
ever, established a role for these kinases 
in the mitogen- and stress-induced phos- 
phorylation of the transcription factors 
cAMP-response element-binding protein 
(CREB) and activation transcription fac- 
tor 1 and the chromatin proteins histone 
H3 and HMG-14 (Soloaga et aL, 2003; 
Wiggin et a/., 2002). Downstream of 
this, it has been shown that MSKs con- 
tribute to the induction of some immedi- 
ate early genes, including c-fos, nur77, 
and norl (Darragh etaL, 2005). The roie 
of MSK has not, however, been specifi- 
cally addressed in the immune system 
of these mice. In a paper in this issue of 
the Journal of Investigative Dermatology, 
Funding et aL (2006) demonstrate that 



MSK1 activity, as judged by phospho- 
blotting, is increased in psoriatic com- 
pared with normal skin. Immunostalning 
experiments suggested that this activa- 
tion of MSK occurred mainly in keratino- 
cytes in the psoriatic skin. 

Using primary keratinocytes, Funding 
et aL (2006) further show that IL-1|3 
activates p38a, which in turn activates 
MSK1, leading to CREB phosphoryla- 
tion. Consistent with the work in knock™ 
out mice, siRNA-mecfiated knock-down 
of MSK1 resulted in decreased CREB 
phosphorylation. Given the activation 
of MSK1 in psoriatic skin, it would be 
of interest for future work to determine 
whether CREB phosphorylation is also 
increased in psoriatic skin. The siRNA 
knock-down of MSK1 also resulted in 
modest decreases in 11-6 and IL~8 pro- 
duction. Interestingly, a role for MSK1 in 
IL-6 transcription in fibroblasts has been 
suggested previously. Specifically, MSK 
was suggested to act either upstream 
of NF-kB or by inducing chromosomal 
remodeling at the IL-6 locus (Vermeulen 
et aL f 2003). Although the reduction 
in cytokine production in the study by 
Funding et aL (2006) was modest, it is 
worth noting that only MSK1 was tar- 
geted by si RNA. Evidence from knock- 
out mice has suggested that in most 
ceil types MSK1 and MSK2 are able to 
functionally compensate for each other, 
and therefore knockout of both isoforms 
would be needed to show the maximal 
effect on cytokine production (Wiggin et 
a/., 2002). Future work to address the role 
of MSKs in cytokine production, possibly 
using gene-targeted mice, would there- 
fore be very interesting. 
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The modern study of the genetics of 
normal human pigmentary variation is 
just over ten years old (Rees, 2003). The 
field may not yet be mature, but there 
is a clear feeling that the first few chap- 
ters of this particular story can now be 
written: in broad outline we now know 
which genes account for most variation 
in human skin and hair color. The paper 
by Stratigos and colleagues (2006, this 
issue), in which melanocortin 1 recep- 
tor (MC1R) variants have been studied 
in relation to pigmentary phenotype and 
melanoma, is a welcome addition to the 
literature — welcome, because most 
previous studies of pigmentary genetics 
have concentrated on northern rather 
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than southern European populations, 
and because the paper highlights some 
of the uncertainties in our understand- 
ing of the mechanisms by which MC1R 
variation affects phenotype. 

The first modern study of the genet- 
ics of red hair was carried out almost a 
century ago by the Davenports at what 
was then the Carnegie Institute and is 
now famous worldwide as Cold Spring 
Harbor Laboratory (reviewed by Rees, 
2003). The Davenports studied kindreds 
with red hair and suggested that the red- 
hair trait approximated to an autosomal 
recessive. They were right, although not 
all subsequent work came to the same 
conclusion. The next seminal advance, 



following a few unsuccessful attempts 
at mapping the red-hair trait in humans, 
came from the marriage of mouse and 
molecular genetics. The genes underly- 
ing a range of murine coat-color muta- 
tions were cloned, and within years the 
genetic bases for some rare mendelian 
pigmentary syndromes in humans were 
identified. One gene, the melanocortin 
1 receptor, the subject of the study by 
Stratigos eta!. (2006), was cloned in mice 
by Roger Cone's group in 1993 (Robbins 
eta/., 1993), Work in mice showed that 
signaling through this pathway led to an 
increase in the ratio of eumelanin to phe- 
omelanin in hair (Robbins eta/., 1993). 
Conversely, the absence of, or a reduc- 
tion in, signaling, whether due to muta- 
tion at the mdror absence of the ligand 
a-melanocyte-stimulating hormone, 
resulted in a relative overproduction of 
pheomeianin, leading to a yeilow coat 

Shortly after Cone and colleagues' 
work in mice, it was reported that most 
red-haired persons harbored homo- 
zygous diminished-function alleles at 
the MC1R (Valverde et al., 1995). The 
human MC1R codes for a 317-amino 
acid G-coupled receptor, and many 
non-African human populations show a 
striking degree of variation at this locus 
(Wong and Rees, 2005). Over 75 differ- 
ent MC1R alleles in humans have been 
identified (Wong and Rees, 2005), and 
Stratigos et al. (2006) show that even in 
a southern European population 38% 
of the control population shows MC1R 
variants. A striking feature of the MC1R 
is that a large number of the alleles 
appear to be quantitatively different in 
terms of function; that is, rather than ail 
the alleles associated with red hair being 
complete loss-of-function alleles, they 
show varying degrees of signaling activ- 
ity (Ringhofm et a/., 2004), Given that 
there is evidence for a clear additive (or 
dosage) effect among 0, 1, and 2 variant 
alleles, a range of physiological activ- 
ity can arise from a single locus, MC1R 
heterozygotes are intermediate for hair 
eumelanin and pheomeianin ratios, and 
those with different shades of red hair 
appear to differ at the MC1R (Naysmith 
et a/., 2004), Thus, although red hair 
approximates to an autosomal reces- 
sive trait, the more closely one stud- 
ies the phenotype, the more subtle the 
relation between particular alleles and 
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Plenty New Under the Sun 

Jonathan Rees 1 

Variation at the melanocortin 1 receptor [MC1R) is very common in most non- 
African world populations. A range of variants predispose to skin cancer, including 
melanoma. What remains unclear are the mechanisms linking gene variation with 
sun sensitivity or tumor risk. In particular, it remains unclear whether pigmentary 
effects of the MC1R can account for all of the increase in cancer risk. 
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TNF Inhibition Rapidly Down-Regulates Multiple 
Proinflammatory Pathways in Psoriasis Plaques 1 

Alice B, Gottlieb, 2 * Francesca Chamian, f Salman Masud,* Irma Cardinale ? f 
Maria Veronica Abello, 1 Michelle A. Lowest Fei Chen,* Melissa MagHocco,* and 
James G, Krueger 1 

The mechanisms of action of marketed TNF-blocking drugs in Iesional tissues are still incompletely understood. Because psoriasis 
plaques are accessible to repeat biopsy, the effect of TNF/Iymphotoxin blockade with etanercept (soluble TNFR) was studied in ten 
psoriasis patients treated for 6 months* Histological response, inflammatory gene expression, and cellular infiltration in psoriasis 
plaques were evaluated* There was a rapid and complete reduction of TL-l and IL-8 (immediate/early genes), followed by pro- 
gressive reductions in many other inflammation-related genes, and finally somewhat slower reductions in infiltrating myeloid cells 
(COllc^ cells) and T lymphocytes. The observed decreases in IL-8, IFN~y-inducibIe protein-10 (CXCL10), and MIP~3a (CCL20) 
mRNA expression may account for decreased infiltration of neutrophils, T cells, and dendritic cells (DCs), respectively. DCs may 
be less activated with therapy, as suggested by decreased IL-23 mRNA and inducible NO synthase mRNA and protein* Decreases 
in T cell-inflammatory gene expression (IFN-y, 3TAT-1, granzyme B) and T cell numbers may be due to a reduction in DC- 
mediated T cell activation. Thus, etanercept-induced TNF/lymphotoxin blockade may break the potentially self-sustaining cycle 
of DC activation and maturation, subsequent T cell activation, and cytokine, growth factor, and chemokme production by multiple 
cell types including lymphocytes, neutrophils, DCs, and keratinocytes. This results in reversal of the epidermal hyperplasia and 
cutaneous inflammation characteristic of psoriatic plaques. The Journal of Immunology, 2005, 175: 2721-2729. 



The TNF inhibitors are approved for use across a range of 
mflarrrmatory disorders including rheumatoid arthritis, 
Crohn's disease, ankylosing spondylitis, psoriatic arthri- 
tis, and psoriasis. Despite the fact that > 500,000 patients have 
been treated with TNF-blocking drugs worldwide, the anti- 
inflammatory mechanisms of action of these agents in Iesional tis- 
sue are incompletely understood. Most of the data in rheumatoid 
arthritis have been generated from studying circulating cells or 
proteins and inferring what may be happening in the synovium. 
The paucity of data is in part explained by the relative inaccessi- 
bility of the gastrointestinal tract and joints to repeated biopsy. The 
consequence of this lack of knowledge is that the reasons for the 
different efficacy and safety spectra of the TNF blockers (inflix- 
imab, adalimumab, and etanercept) are not well understood, 

TNF has complicated effects on both cell differentiation and 
expression of inflammatory genes (1-4). Despite the fact that 
many data have been generated in various cultured cell types, these 
in vitro models are not necessarily good models of interacting cell 
types involved in a tissue-specific autoimmune process. For ex- 
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ample, genes induced by TNF are specific to the eel! type and state 
of differentiation of the cell studied. Hence, there may be effects of 
TNF that are undiscovered in complicated cellular mixes of in- 
flammatory diseases or which cannot be studied well in model 
systems. The recent approval of etanercept for psoriasis offers an 
opportunity to study in situ mechanisms of action because the skin 
is a relatively convenient and accessible tissue to study. 

Psoriasis is a life-disabling disorder characterized by the pres- 
ence of scaly, red, raised cutaneous lesions, which are widespread 
in —25% of afflicted patients. Psoriatic plaques are histologically 
recognized by typical patterns of abnormal epidermal hyperplasia 
and differentiation, similar to that seen at the edges of acute and 
nonhealing wounds (regenerative maturation) (5, 6), However, in 
the past 20 years, it has become clear that these epidermal changes 
are secondary to robust immune activation within psoriatic plaques 
characterized by increased numbers and activation of both T lym- 
phocytes and dendritic cells (DCs) 3 (professional APCs) (7-15), 
Animal models demonstrate a role for T cell activation, local cu- 
taneous T cells, and TNF (16-18). Clinically, agents that specif- 
ically block T cells or TNF clear psoriasis (19-24). TNF blockade 
induced by either etanercept, a form of soluble p75 TNF receptor 
that binds both TNF and lymphotoxh (JUT), or infliximab, a chi- 
meric, monoclonal anti-TNF Ab, clears psoriasis. This clinical re- 
mission is associated with substantially decreased numbers of 
intraepidermal T cells and by normalization of epidermal prolif- 
eration and differentiation, as measured by decreased epidermal 
thickness and normalized protein expression of keratin 16 (K16) 
(20). It is not known whether the clinical and histological remis- 
sion induced by TNF/LT blockade is due to effects on T cells, DCs, 



i Abbreviations used in this paper: DC, dendritic cell; ftMQ (CXCU0), interferon- 
Y-inducible prcrtem-lO; iNOS, inducible nitric oxide synthase; IC16, keratin 16; LT, 
lymphotoxin; MMP, matrix metalioproSeinase; MIG, monokine induced by iFN-y; 
PASI, Psoriasis Area and Severity Index; RS, response score; HARP, human acidic 
ribosoroal protein. 
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or both. Etanercept is an ideal agent with which to study the effect 
of TNF blockade on cellular Immune regulation in plaques because 
its actions are thought to be due to neutralization of TNF and not 
to depletion of cells bearing cell surface TNF. 

Materials and Methods 

Patient studies 

Adult patients with moderate to severe psoriasis were treated with etaner- 
cept monotherapy (25 mg sx. twice weekly) for 24 wk under a protocol 
approved by the University of Medicine and Dentistry of New Jersey- 
Robert Wood Johnson Medical School Institutional Review Board, At the 
lime this study was performed, the 25-mg twice-weekly dose was the only 
Food and Drug Administration-approved dose of etanercept for adults with 
psoriasis. Systemic and phototherapies were excluded for 1 mo before dos- 
iing, and topical medications were excluded for 2 wk before dosing. Eucerin 
cream (Beiersdorf) was the standard moisturizer used throughout the study 
but was not applied before study evaluations. CUnical efficacy was assessed 
using the Psoriasis Area and Severity Index (PASI) (25). At baseline, bi- 
opsies were taken from uninvolved skin and an index psoriasis lesion. 
Repeat biopsies were taken from the index tesion after i, 3 ? and 6 mo of 
etanercept treatment. Our tissue-based analysis sought to determine the 
extent to which etanercept improved or reversed disease-defining pathol- 
ogy at different lime points, and also how disease improvement correlated 
with suppression of specific inflammatory leukocyte subsets or inflamma- 
tory gene products. Laboratory-based evaluators were blinded to the clin- 
ical results until aU data were collected, 

Immunohistochemistry 

Tissue sections were stained with hematoxylin (Fisher) and eosirt (Shan- 
don) (H&E) and with mouse anti-human mAbs to elastase (Dako), K16 
(Sigma-AIdrich), ICAM-1 (BD Pharmingen), CD3 (BD Biosciences), and 
CDl lc (BD Pharmingen). A secondary bio tin-labeled horse anti-mouse Ab 
(Vector Laboratories) was amplified with the avidm-btotm complex (Vec- 
tor Laboratories). 3"AminO"9«ethylcarbazole (Sigma™ Aklrich) was the 
chromogen used. Epidermal thickness measures and cell counts (per mm 
per X10 field) were determined using computer-assisted image analysis 
(Image Pro-Plus (Media Cybernetics)). K16 and ICAM-1 protein expres- 
sion were quantitated on a 0-4 scale, with 0 indicating a return to a normal 
staining pattern. Absence of suprabasal staining for K16 keratin is the 
normal pattern seen in normal or uninvolved skin and is assigned a score 
ofO. 

Tissue mRNA gene expression 

RNA was extracted from skin biopsies frozen in liquid nitrogen using the 
RNeasy Mini Kit (Qiagen). The RT-PCR was performed using EZ PCR 
core reagents and primers and probes (Applied Biosystems) as previously 
published (26). The primer sequences have been published for K 3 6, in- 
ducible nitric oxide synthase (iNOS), 1L-8, IFN-% STAT-1, IL-12/IL- 
23p40, 1L-23pl9, monokine induced by IFN-y (MIG), and human acidic 
ribosomal protein (HARP) (26). Sequences of the other primers used for 
this study are: IL-10 forward, GCACGATGCACCTGTACGAT; IL-10 
reverse, AGACATCACCAAGCTTTTTTGCT, IL-l/J probe, 6FAM- 
CTGAACTGCACGCTCCGGGACTC-TAMRA (GenBank accession 
number NM„00GS76); EL-6 forward, CCAGGAGCCCAGCTATGAAC; 
IL-6 reverse, CCCAGGGAGAAGGCAACTG, IL-6 probe, 6FAM-CC 
TTCTCCACAAGCGCCTTCGGT-TAMRA (GenBank accession number 
NM_000600); MIP^3« (CCL20) forward, GCTTTGATGTCAGTGCTGC 
TACTC; MIP 3<x reverse, GTATCCAAGACAGCAGTCAAAGTTG; 
MlP-3oc probe, 6FAM-TGCGGCGAATCAGAAGCAGCAA-TAMRA 
(GenBank accession number NMJ304591); matrix metalloproteinase 
(MMP)-12 forward, AGCACTTCTTGGGTCTGAAAGTG; MMP-12 re- 
verse; CGAGGTGCGTGCATCATCT; MMP-12 probe, 6FAM-CCGGG 
CAACTGGACACATCTACCC-TAMRA (GenBank accession number 
L23808); IFN-y-inducibie protein-10 (IP-10/CXCL10) forward, TCC 
ACGTGTTGAGATCATTGC; IP-10 reverse, AATTCTTGATGGCCT 
TCGATTC; IP- 10 probe, 6FAM-ACAATGAAAAAGAAGGGTGAGAA 
GAGATGTCTGAA-TAMRA (GenBank accession number NM 001009191); 
CD83 forward, TCGACGCCCCCAATGA; CD83 reverse, CCCCGAGTTG 
CAGCTGG; CD83 probe, 6FAM-AGGCCCTATTCCCTGAAGATC 
CGAAACA-TAMRA (GenBank accession number NM„G04233); granzyme 
B forward, GAGGCCCTCTTGTGTGTAACAAG; granzyme B reverse, 
CAGGCTCGTGGAGGCATG; granzyme B probe, 6FAM-CCAGGGCAT 
TGTCTCCTATGGACGAA-TAMRA (GenBank accession number 
NM_004131); IL49 forward, CATGCAACTCTATTCCCAGCTACTT; 
IL-19 reverse, AGGTCAAAGCTGCAGTGAGCCATGATTG; IL-I9 probe, 



6FAM-GGGTGTCTCAATCTGGCACC-TAMRA (GenBank accession 
number, AF276915); TNF-a forward, CCCAGGCAGTCAATCATCTTC; 
TNF-of reverse, GCTrGAGGGTTTCCTACAACA; TNF~c* probe 6FAM- 
CGAACCCCGAGTGACAAGCCTGT-TAMRA (GenBank accession num- 
ber NMJ)00594). 

Immunofiuo rescence 

Frozen Iesional tissue sections from psoriasis patients (n - 4) were fixed 
in acetone and treated with 10% normal horse serum. For CDl lc and iNOS 
colocalization experiments, sections were initially incubated overnight 
with purified CP lie (BD Pharmingen) (1/100) and then secondary Ab 
Aiexa lluor 488 goat anti-mouse IgGl (Molecular Probes) for 30 min (1/ 
250). iNOS (R&D Systems) conjugated with Alexa fluor 546 {Molecular 
Probes) was then incubated with these CDHc-stamed slides for 2 h (1/ 
500). Images were acquired using appropriate filters of a Zeiss Axioplan 21 
microscope with Plan Apochromat 20 X0.7NA lens and a Hamamatsu 
Photonics mode! C4742 "Orca" ER-cooled charge-coupled device camera, 
controlled by Universal Imaging MetaVue software. 

Statistical analysis 

Cell counts and gene expression changes were computed by Student's t 
test, and significance was accepted as p < 0.05. V statistics {V score) were 
developed to rank patient responses by combining percent change in epi- 
dermal thickness and the presence or absence of K16 immunostaining into 
a response score (RS), as previously published (26, 27), This mathematical 
model describes psoriasis disease activity across the range of complete 
disease resolution to highly active disease present and stratifies patient 
responses from best (lowest score) to worst (highest score). Changes in 
inflammatory cells or genes, either singly or in combinations, were ranked 
by a similar U score stratification method, and comparison of multiples of 
up to three genes at a time was designated a pathway score. We ordered 
changes in individual patients by U scores, because nonparametric statis- 
tical methods make the fewest assumptions about quantitative causefeffect 
relationships. Correlations between the RS and Iesional cell counts, gene 
expression, or the pathway score were then determined, and the r score is 
indicated for the given comparisons. 

Results 

Clinical and histological responses 

In this study of 10 patients with moderate to severe psoriasis vul- 
garis, etanercept decreased the PASJ by a mean of 29% (range, 
5-80% decrease) after 1 month treatment (p < 0.02), and 57% 
(range, 24-94% decrease) after 3 mo of treatment (p < 0.01). At 
3 mo of treatment, 6 of 10 patients attained a PASI 50 response, 
whereas at 6 mo of treatment 6 of 10 patients attained a PASI 75 
response. The time course and extent of improvement seen in pa- 
tients in this trial are thus similar to outcomes seen in larger, 
blinded clinical trials (22, 24). 

The eifects of etanercept on disease histopathology, expression 
of K16 (immunohistochemistry and quantitative mRNA mea- 
sures), and ICAM-1 expression in epidermal keratinocytes are il- 
lustrated in Fig. 1. In general, progressive reversal of epidermal 
acanthosis and psoriasiform rete elongation was seen during 6 mo 
of treatment, although near maximal improvement was noted in a 
few cases after 3 mo of treatment. After 6 mo of treatment, thin- 
ning of the epidermis and normalization of keratinocyte differen- 
tiation occurred in 9 of 10 subjects, and absence of K16 in supra- 
basal keratinocytes was noted in 8 of 10 cases. Likewise, 
expression of ICAM-1 by epidermal keratinocytes was eliminated 
in 8 of 10 cases after 6 mo of treatment We consider that histo- 
logical remission of psoriasis was attained in these 8 patients. The 
progression in disease improvement during 6 mo of treatment can 
be appreciated from the overall histopathology and from quanti- 
tative measures of epidermal thickness and K16 mRNA in biopsy 
specimens (Fig, I). 

Etanercept decreases myeloid DCs and T cells in plaques 

CDl lc is a marker for a group of DCs with very large increases in 
the epidermis and dermis of psoriasis lesions (26, 28, 29). Both 
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FIGURE h Response to etanercept treatment. A, Decreased epidermaJ thickness, Kl 6 mRNA (normalised to HARP), K16 protein, keratinocyte iCAM- 1 
at baseline nonlesional (BL NL), baseline lesional (BL LS), 1, 3, and 6 mo of treatment. K.16 and ICAM-1 protein staining quantitated on a 0-4 scale. 
B, Representative photomicrographs of H&E- and K16-stained frozen skin sections from a responding, etanercept-treated patient showing gradual reversal 
of psoriasis features (X10). K16 mRNA value (normalized to HARP) for this patient is indicated at the bottom of the photomicrograph, showing direct 
relationship to protein immunostaining. There is progressive reduction in K16 mRNA in association with a decrease in Kl 6 protein in this individual patient. 
Comparison of results in treatment groups to lesional results, p value indicated. 



CD lie' 1 DCs and CD3* T cells were highly increased in pretreat- 
ment plaques compared with uninvolved skin (Fig. 2). Etanercept 
treatment resulted in progressive decreases in total CD3* and 
CD1 lc 1 " cell populations (Fig. 2) as well as pathological epidermal 
thickness (Fig. 1). However, for both DCs and T cells, decreases in 
mtraeptdermal cell numbers were more marked than in dermal cell 
numbers. For example, the mean decrease in epidermal CD lie"" 
cells was 95% at 6 mo vs 60% for dermal CDllc + cells. Addi- 
tionally, the decrease in intraepidermal DCs was greater than that 
of intraepidermal T cells (95% vs 74%, respectively). 

To describe overall improvement in psoriasis at the various 
analysis time points, we used a new multivariate tool that generates 
a RS by integrating epidermal thickness, K16 mRNA levels, and 
K16 protein in suprabasal keratinocytes (27). This mathematical 
model describes psoriasis disease activity across the range of com- 
plete disease resolution to highly active disease present, and strat- 
ifies patient responses from best (lowest score) to worst (highest 
score). Hie RS, which is a multivariate U score, can then be used 
to establish the extent to which a given degree of improvement is 
related to modulation of inflammatory cell types or inflammatory 
gene products in that biopsy. Overall, we found that reversal of 
epidermal hyperplasia (quantified as the RS) was more highly cor- 
related with reductions in CD lie* cells than T cells, especially for 
infiltration of the epidermis by these cell subsets (Fig. 3). Taken 
together, these observations suggest that inflammatory leukocytes 



may act locally in the epidermis to produce the psoriatic phenotype 
and that DCs may play a larger role than previously suspected. 

Effects on expression of inflammation- related genes 

Table I lists numerous inflammation-related gene products that are 
increased in psoriasis lesions and that were assessed by real time 
RT-PCR during etanercept-induced disease improvement (30-35). 
These products include early genes induced by TNF in model sys- 
tems (11-1/3, IL-8, MIP-3a, IL-6), type 1 pathway genes broadly 
related to IFN-reguiated responses (IL-23, STAT-1, MIG, iNOS, 
IP- 10, IL-8) (36, 37), and genes typically activated in myeloid cells 
(iNOS, IL-19, MMP-12, IL-23, CD83) vs lymphocytes (granzyme 
B, IFN-y). In previous work, we have proposed this type 1 path- 
way of gene activation, which may control pathogenic inflamma- 
tion in psoriasis lesions. According to this model, several upstream 
cytokines (including EL-23, IFN-y, TNF) induce expression of end 
stage inflammatory genes such as iNOS or IL-8 (36). These gene 
groups are not mutually exclusive, e.g.: IL-8 is an early response 
gene but can also be a secondary product of the type 1 pathway; 
iNOS is produced by myeloid DCs but is also a product of the type 
1 pathway. 

Fig. 4 illustrates expression of each of these gene products (nor- 
malised to HARP) in uninvolved skin vs psoriatic skin lesions at 
baseline and after 1, 3, and 6 mo of etanercept treatment. Two 
basic patterns of gene regulation by etanercept are seen, IL-1 and 
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FIGURE 2. . Decreased cellular infiltration In epidermis and dermis of psoriasis plaques in response to etanercept treatment. CD3* cells {A) and CD He" 
cells (S) at baseline nonlesional (BL NL), baseline lesional (BL LS), and 1, 3, and 6 mo of treatment. Q Representative photomicrographs of CD3" 4 * and 
CDllc^ immunostained frozen skin sections from a patient responding to etanercept, showing gradual reversal of CD3 + and CDllc + ceils infiltrating 
psoriasis lesions (X 10). Comparison of results in treatment groups to lesional results, p value indicated. 



IL~8> which are considered to be immediate response genes to 
induction by TNF, are strongly suppressed at all analysis time 
points, and the suppression appears to be maximal by 1 mo of 
treatment. In contrast, most other gene products show more grad- 
ual reductions and, in general, they are most strongly suppressed 
after 6 mo of continuous etanercept treatment. At the I -mo time 
point, the degree to which late genes were suppressed by etaner- 
cept was highly variable in different patients, but the suppression 
was much more consistent at later time points (the p values reflect 
this response trend). 

The relationship between individual gene expression at I mo of 
etanercept treatment and psoriatic disease phenotype (as measured 
by the RS) is demonstrated in Table I (r score). This time point was 
chosen because this is when the largest range of responses were 
evident. Psoriasis disease improvement at I mo was highly related 
to IL-t, MMP-12, and several type 1 pathway products (STAT- 1, 
IL-23, MIG, IL-8, and iNOS). However, changes in gene expres- 
sion should be considered in the context of reduced numbers of 
infiltrating leukocytes during the analysis period. The correlations 



between disease improvement and iNOS mRNA levels (r = 0.83; 
Table I) and CD1 1c 4 * DCs (r = 0.70; Fig. 3) are interrelated 
events, because iNOS production is restricted to this cell subset 
(see analysis below). Similarly, reductions in T cells in tissue 
could explain part of the reduction in gene expression linked to T 
cells, e.g*, IFN-7 or granzyme B rnRNAs. Additionally, total 
plaque neutrophil counts decreased from a mean of 485 £. 368 in 
pretreatment plaques to 170 ± 343 (p — 0.03) after only 1 mo of 
etanercept treatment (as quantitated by neutrophil elastase). Re- 
ductions in total neutrophil counts correlated with decreased IL-8 
gene expression (data not shown). Even so, the suppression of 
lineage-associated inflammatory genes occurs more quickly and to 
a larger extent than overall reductions in associated leukocyte sub- 
sets. The observed decreases in IL-8, IP- 10, and jVftP~3a mRNA 
expression may account for decreased infiltration of neutrophils, T 
cells, and DCs, respectively. 

Because inflammatory gene sets may be additive or interactive 
for producing pathogenic inflammation, we also used a novel 
method to assess which combination of genes was most highly 
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FIGURE 3. Correlation of RS with decreased num- 
bers of CD3* cells or CD lie* cells at 1 mo of treat- 
ment. RS describes psoriasis disease activity across the 
range of complete disease resolution to highly active 
disease present, and stratifies patient responses from 
best (lowest score) to worst (highest score). This score 
is then correlated with change in epidermal and total 
CD3' 1 ' and GDI lc + cells at 1 mo (positive value is least 
change/reduction, negative value is highest change/re- 
duction), with r value for each comparison indicated. 
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correlated with the RS at different analysis time points (27). At I 
mo, there was a high correlation (r ~ 0,9 1 , p < 0,00 1 ) between the 
combined expression of IL-1, STAT-1, and IL-23/IL-12 p40 mR- 
NAs, as illustrated in the bottom right panel of Fig. 4, However, 
the final degree of disease improvement seen at 6 mo was associ- 
ated with a different set of inflammatory gene products, with the 
combined expression of IFN-y, granzyme B, and IL-19 mRNAs 
most correlated (r = 0,93) with the RS (data not shown). Thus, the 
disease-resolution response to etanercept is a rapid and complete 
reduction in IL-1 and IL-8 (immediate/early genes), followed by 
progressive reductions in many other inflammation-related genes, 
and finally somewhat slower reductions in infiltrating myeloid 
cells and T lymphocytes. 



Etanercept causes a decrease in iNOS protein in DCs 

In general, expression of inflammatory genes was decreased to a 
greater extent than infiltrating DCs or T cells. This was particularly 
true for the earlier time points and suggests that etanercept reduces 
expression of inflammatory genes produced by infiltrating leukocytes, 
rather than just reducing trafficking of leukocytes and constitutive 
gene products. Recently, we have determined that iNOS-producing 
myeloid (CD lie 4 ") DCs are tremendously increased in psoriasis le- 
sions (29). Because iNOS mRNA is jointly regulated by NFkB and 
STAT-1 (TNF~ and IFN-induced transcription factors, respectively), 
we examined the production of iNOS protein in CDllc + cells in 
lesions using two-color immunofluorescence microscopy (Fig. 5). We 



Table I. Functional significance of genes evaluated daring etanercept treatment of psoriasis patients, and correlation of mRNA level and RS at I mo 



Gene 


Functional Significance 


Correlation (r) 
with RS at I mo 


Early TNF-induced genes 






IL-1J3 


Inflammatory cytokine 


0.70 


IL-8 


Inflammatory cytokine for neutrophils, also product of type 1 pathway 


0.77 


MIP~3a (CCL20) 


Most potent chemokine for DC attraction, inflammatory cytokine, also may be 


0.65 




produced by IL-1 stimulation 




IL-6 


Inflammatory cytokine 


0.06 


Type 1 pathway genes (induced 






or regulated by IFN-y) 






IL-23 


Proximal type 1 pathway gene, induces IFN-y 


0.72 


STAT-l 


Transcription factor induced by IFN-y, central factor of type 1 pathway 


0.69 


MIG 


Chemokine regulated mainly by IFN-y, inflammatory cytokine 


0.78 


iNOS 


Coregulated by TNF/IFN-% produces NO, inflammatory mediator 


0.83 


IP~10{CXCL10) 


Chemokine regulated by TNF/lFN-y, chemotaxis T celis, inflammatory cytokine 


0.79 


IL-8 


Type 1 pathway product, chemokine for neutrophils 


0.77 


Myeloid genes 






iNOS 


Produces NO ? inflammatory mediator 


0.83 


IL-19 


Product of activated monocytes/myeloid cells, inflammatory cytokine 


0,72 


MMP-I2 


Product activated macrophages/myeloid cells, metalloelastase 


0.74 


IL-23pl9 


Defining IL-23 subunit, inducer of IFN-y, inflammatory cytokine, proximal type 


0.72 




1 pathway gene 




IL-23p40 


Shared subunit with IL-1 2 and IL-23, inflammatory cytokine 


0.14 


CD83 


Marker of mature/activated DCs 


0.31 


Lymphocyte genes 






Granzyme B 


Product of activated CD8* T cells, inflammatory mediator 


0.86 


IFN-y 


Product of stimulated type 1 T cell, proximal type i pathway gene 


0.20 
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FIGURE 4. Reduced inflammatory gene expression in response to etanercept treatment. Results of RT-PCR for a panel of genes increased in psoriasis 
and the effect of etanercept treatment on their expression (normalized to HARP) at baseline nonlesional (BL NL), baseline lesional {BL L$), and after 1, 
3, and 6 mo of treatment. Comparison of results in treatment groups to lesional results, p value indicated. Bottom right panel indicates the correlation at 
1 mo between RS and pathway score (comprising change in expression of a combination of IL-1, STAT-1, IL-I2p40), with r value indicated. 

consistently observed that before etanercept treatment, there were Because iNOS expression by DCs can be viewed as a TNF- 

abundant CD lie 4 " /iNOS cells. However, in etanercept-treated bi- mediated activation-related response, we also studied expression 

opsies, there were numerous CD1 lc + cells with little or no detectable of other activation or maturation-related DC products. The IL~23pl9 

iNOS protein expression. mRNA, which is induced in monocyte-derived DCs in response to a 
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FIGURE 5. Reduction in iNOS protein expression 
in CD lie" 1 ' cells after I mo of etanercept treatment. A t 
Psoriasis lesional skin showing numerous epidermal 
and dermal CD 11c, iNOS double-positive cells (yellow 
cells in right panel). B, Substantial reduction with et- 
anercept treatment for 1 mo. 



A Psoriasis pre-treatment 




B Psoriasis etanercept treatment for 1 month 




TOF-containing maturation stimulus, was significantly down-regu- 
lated in 3- and 6-mo biopsies (Fig, 4). Another marker of mature/ 
activated DCs is CD83. We observed virtual elimination of CD83 
immunoreactivity in several etanercept-treated cases (data not shown) 
and in agreement with reduced CD83 mRNA expression by 3 mo 
(Fig. 4). Limited availability of biopsy sections prevented quantitative 
analysis of CD83 expression in etanercept-treated lesions from all 
patients; thus a formal correlation between response and CD83 pro- 
tein expression could not be attained. 

Discussion 

Past studies of therapeutic mecbanism(s) with TNF antagonists 
have been conducted in patients with rheumatoid arthritis and pso- 
riatic arthritis. Several studies support the general view that TNF 
antagonists reduce expression of vascular adhesion molecules (se- 
lectins, VCAM, ICAM-'I) with attendant reductions in trafficking 
of leukocytes to inflamed synovium. However, much of this anal- 
ysis has been focused on circulating cytokines, soluble fragments 
of cell adhesion molecules, and properties of peripheral leuko- 
cytes, because access to the affected tissue is difficult (38-46). 
Analyses conducted on inflamed synovium have shown reduced 
infiltration by CD68* myeloid cells (most likely tissue macro- 
phages), but reductions in infiltrating T cells have been measured 
less consistently (47, 48). Reduced expression of mRNA for sev- 
eral cytokines that regulate angiogenesis has been measured in 
synovial tissue after infliximab treatment (48), but comparable data 
for inflammatory cytokines do not exist and a time course of cel- 
lular/molecular inflammatory events is difficult to construct. 

In contrast, the accessibility of diseased skin tissue in psoriasis 
has made it possible to study sequential alterations in inflammatory 
leukocytes and numerous inflammation-associated gene products 
during etanercept treatment. Although it may be predictable that 
inflammatory genes and infiltrating cells are decreased by this ther- 
apy, it is important to perform a detailed characterization and time 
course of these events to develop insights into such issues as why 
patients respond, the molecular and cellular mechanisms of action, 
and developing new applications for biological therapies. 

We have developed methods to quantify the extent of disease 
burden via cellular and genomic measures of epidermal hyperpla- 
sia (the response score or RS) and methods to quantify infiltrating 
leukocytes and numerous inflammation-associated genes within a 
single biopsy specimen. Our analysis of the therapeutic mechanism 
of etanercept has also been greatly aided by a series of recent 



genomic studies of psoriasis vulgaris that point to a series of in- 
flammatory genes (type I genes), which can act in a sequential 
manner or a cascade to produce numerous cellular features of this 
disease (36, 49). The view of therapeutic action of etanercept ob- 
tained in this study is much more detailed than any previous study 
of a TNF inhibitor in human disease, and it is conceptually dif- 
ferent from most models of TNF inhibition in arthritis. 

The genomic approach to study inflammatory gene expression 
after etanercept treatment is based on the idea that genes induced 
by TNF or LT will be suppressed by cytokine blockade. However, 
expression of TNF or LT mRNA in producing cells may not be 
affected by blocking the protein product, because they are likely to 
regulated by other stimuli. Hence, we have not concentrated on 
these gene products (TNF and LT) in the downstream analysis of 
inflammatory gene expression. 

In this study, the most consistent cellular effects of etanercept 
were 1) reductions in keratinocyte hyperplasia, (reflected in epi- 
dermal thickness measures, KJ6 expression, and the integrated 
RS) and 2) reductions in CDllc* myeloid cells, which are best 
classified as myeloid DCs (26). Virtually all CD lie" DCs syn- 
thesize iNOS at high levels, and we found that reduced expression 
of iNOS mRNA as a single gene product was highly correlated 
with etanercept-induced therapeutic improvement (Table I), 
whereas expression of iNOS protein was clearly reduced in 
CDllc + cells (Fig. 5). The enzyme iNOS produces NO from ar- 
ginine and NO is a molecule with both cell-damaging properties 
and the ability to dilate small blood vessels. In psoriasis, NO may 
be a trigger for keratinocyte hyperplasia and a factor accounting 
for skin erythema, through its vasoactive effects (50, 51). Up-reg- 
ulation of iNOS mRNA in DCs may also be a general sentinel of 
activation occurring in this cell type. Past studies in mice have 
found critical roles of TNF and LT in the generation of DCs (52- 
55), so a central effect of TNF/LT blockade in psoriatic lesions 
may be related to blocked in situ differentiation of these cells from 
circulating or resident precursors. The reduced expression of IL- 
23, previously traced to myeloid DCs in psoriasis lesions (56) and 
reduced expression of CD83 (a marker of mature DCs in humans), 
also suggest a major impact of etanercept on DCs in psoriasis. 
Changes in T cell infiltrates and reduced expression of IFN-y and 
granzyme B may all be secondary to reduced stimulation of T cells 
in situ by activated DCs. We note, however, that reduced synthesis 
of IFN~-y by T cells might also be directly attributed to TNF in- 
hibition (57). Gradual reductions in T cells and DCs in psoriasis 
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skin lesions may also be produced by reductions in IP- 10 and 
MIP-3a, respectively (30, 58). Rapid reductions in neutrophils 
may be produced by reductions in IL-8 (59). ICAM-1 expression 
by dermal blood vessels did not appear to be reduced by etanercept 
(data not shown). Accordingly, a reduced chemokme stimulus for 
cell migration into skin seems more likely as a mechanism to ex- 
plain, decreased migration of leukocytes into the dermis. In con- 
trast, ICAM-1 expression by keratinocytes is down-regulated dur- 
ing etanercept treatment; thus, migration of leukocytes from the 
dermis into the epidermis could be blocked by direct modulation of 
adhesion molecules (60, 61). 

The direct activation of epidermal keratinocytes by TNF or LT 
may also be an important pathogenic mechanism in psoriasis, A 
recent study using gene arrays has identified >70 genes that are 
up-regulated in human keratinocytes after TNF exposure (1). A 
large number of TNF-induced genes encode chernokines, cyto- 
kines, and other proinflammatory molecules that would be ex- 
pected to enhance leukocyte recruitment into the skin and subse- 
quent cellular activation. IL-8, and IP- 10 were identified as 
TNF-regulated products in keratinocytes using gene arrays, and all 
of these genes were strongly suppressed in psoriasis lesions during 
etanercept treatment, ICAM-1 mRNA was induced in keratino- 
cytes after TNF treatment, and our data show decreased expression 
of ICAM-1 protein in keratinocytes after etanercept treatment. 
TNF also induces cytokines that stimulate proliferation of resident 
cells in the skin. TGF-a, nerve growth factor, endothelial cell 
growth factor, and vascular endothelial cell growth factor are in- 
creased in keratinocytes after TNF treatment. These factors were 
not studied in cutaneous lesions during etanercept treatment, but 
several angiogenic cytokines are decreased in synovium from pso- 
riatic arthritis after TNF blockade. Accordingly, it seems likely 
thai etanercept exerts major therapeutic actions in psoriasis skin 
lesions by down-regulating expression of proinflammatory and 
proproliferative genes mat are induced in keratinocytes (as well as 
other skin-resident cell types) by local synthesis of TNF, 

The inflammatory response to TNF could be self-sustaining, be- 
cause activated DCs are a major source of TNF in psoriasis lesions 
(18) and because TNF mRNA is induced in keratinocytes after 
TNF exposure (1). Treatment with etanercept could provide the 
means to break this self-amplifying inflammatory cascade, but 
etanercept produces relatively slow down-regulation of some 
proinflammatory genes in psoriasis lesions. The progressive down- 
regulation of genes like IP- 10 or iNOS during 6 mo of treatment 
with etanercept contrasts sharply with the rapid induction of these 
genes in cultured cells after treatment with TNF (1) and also with 
rapid cellular responses to TNF in sepsis, The most likely expla- 
nation for this apparent discrepancy is that proinflammatory genes 
like IP- 10 and iNOS are controlled by multiple transcription fac- 
tors induced by different classes of inflammatory cytokines (62). 
Hence, in chronic inflammatory diseases, TNF might broadly tune 
levels of proinflammatory gene expression, rather than act as a 
strict on/off switch for inflammatory responses. The expression of 
TNF and/or LT in cutaneous inflammatory sites may also promote 
in situ activation/maturation of myeloid DCs, such that therapeutic 
inhibition of these cytokines gradually collapses organized T/DC 
infiltrates that sustain inflammation in the skin (36). Accordingly, 
TNF/LT cytokines can effectively bridge innate and acquired im- 
mune responses by inducing early inflammatory genes and also 
supporting the development of other cellular and cytokine net- 
works that lead to long range enhancement of T cell-mediated 
responses. 
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Protein Expression of TNF-o: in Psoriatic Skin Is Regulated at 
a Posttranscriptional Level by MAPK-Activated Protein 
Kinase 2 1 

Claus Johansen, 2 * Anne Toftegaard Funding,* Kristian Otkjaer,* Knud Kragballe, 3 * 
Uffe Birk Jensen, 4t Mogens Madsen, 5 * Lise Binderup, 6§ Tine Skak-Nielsen,* 
Marianne Scheel Fjording, 5 * and Lars Iversen 3 * 

Alterations in specific signal transduction pathways may explain the increased expression of proinflammatory cytokines seen in 
inflammatory diseases such as psoriasis. We reveal increased TNF-a protein expression, but similar TNF-a mRNA levels, in 
lesional compared with nonlesionai psoriatic skin T demonstrating for the first time that TNF-a expression in lesional psoriatic skin 
is regulated posttranscriptionally* Increased levels of activated MAPK-activated protein kinase 2 (MK2) together with increased 
MK2 kinase activity were found in lesional compared with nonlesionai psoriatic skin* Immunohistochemical analysis showed that 
activated MK2 was located in the basal layers of the psoriatic epidermis, whereas no positive staining was seen in nonlesionai 
psoriatic skin* In vitro experiments demonstrated that both anisomycin and caused a significant activation of p38 MARK 
and MK2 in cultured normal human keratinocytes. In addition, TNF-a: protein levels were significantly up-regulated in keratin- 
ocytes stimulated with anisomycin or EL-l/J. This increase in TNF-a protein expression was completely blocked by the p3B 
inhibitor j SB202190+ Transfection of cultured keratinocytes with MK2*spedfic small interfering RNA led to a significant decrease 
in MK2 expression and a subsequent significant reduction in the protein expression of the proinflammatory cytokines TNF-a, IL-6, 
and IL-8, whereas no change in the expression of the anti-inflammatory cytokine IL-10 was seen. This is the first time that IVIK2 
expression and activity have been investigated in an inflammatory disease such as psoriasis. The results strongly suggest that 
increased activation of MK2 is responsible for the elevated and posttranscnptionally regulated TNF-« protein expression in 
psoriatic skin, making MK2 a potential target in the treatment of psoriasis. The Journal of Immunology, 2006, 176: 1431-1438* 



Psoriasis is an immune-mediated inflammatory skin disor- 
der characterized by skin-infiltrating lymphocytes causing 
hyperproliferation and abnormal differentiation of the ker- 
atinocytes (1,2). The initiation and persistence of the characteristic 
inflammatory processes in psoriasis seem to be triggered by a cy- 
tokine pattern belonging to the Thl type. This pattern consists of 
signaling molecules such as TNF-a, IFN~% IL-l, IL-2, IL-3, IL-6, 
IL-8, epidermal growth factor, and TGF-ct (3, 4). Because of the 
strong antipsoriadc activity of TNF-a antagonists, the increased 
TNF-a expression is of particular interest However, the intracel- 
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lular signaling pathways implicated in this altered cytokine pattern 
remain to be determined. 

The p38 MAPK is activated by cellular stress, such as aniso- 
mycin, heat shock, H 2 0 2 , arid UV radiation; by several proinflam- 
matory cytokines, including TNF-a and IL-1; and LPS (5, 6), 
There are four p38 MAPK isoforms: the « and jS isoforms, which 
are 75% homologous, and the y and 5 isoforms, which are more 
distant relatives (7), We have recently demonstrated activation of 
p38ee, and ~5 in lesional psoriatic skin compared with nonle- 
sionai psoriatic skin, whereas p38y is not expressed in human epi- 
dermis (8). A major function of p38a and p38j3 in inflammation is 
regulation of the expression of inflammatory cytokines (9). The 
mechanism by which p38 MAPK mediates its regulatory ejects is 
through several p38 MAPK downstream kinases, including the 
MAPK-activated protein kinase 2 (MAPKAP kinase 2 (MK2) 7 ) 
(10-12). 

MK2 is a serine/threonine kinase that is phosphorylated and 
activated by the p38a and p3S/3 MAPKs (13). In its inactive form, 
MK2 is located in the nucleus. Upon activation by the p38a and -/3 
MAPKs, MK2 rapidly translocates from the nucleus to the cyto- 
plasm and also cotransports p38 MAPK back to the cytoplasm (14, 
15), MK2 is important in several p38~regulated pathways, because 
it is a direct substrate for p38 and has been shown to be involved 
in posttranscriptional regulation of TNF-a in macrophages and 
rheumatoid synovial cells, IL-6 in macrophages and HeLa cells, 
and IL-8 in HeLa cells (12, 16-18). Thus, several reports have 



7 Abbreviations used in this paper; MK2, MAPK-activated protein kinase 2; Hsp27, 
27-kDa heat shock protein \ KBM t keratinocyte basal medium; RPLPO, ribosomal 
protein, large, PG; siRNA, smaO interfering RNA; K-SFM, keratinocyte scram-free 
medium. 
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observed that cells isolated from mice deleted for MK2 are 
deficient in the LPS-induced biosynthesis of several proinflamma- 
tory cytokines regulated by p38, including TNF-o\ IL-6, and IL-1 
(17, 19, 20)- In addition, MK2" /_ mice show increased stress re- 
sistance and survive LPS-induced endotoxic shock due to a reduc- 
tion of —90% in the production of TNF~a (19), In another study, 
MK2 was demonstrated to play an essential role in host defense 
against intracellular bacteria via regulation of TNF-a and IFN-y 
production (21). MK2 signaling is known to increase TNF-ce 
through transladonal control via the AU-och elements of the 3'- 
untranslated region of TNF-ct mRNA (17), whereas in the case of 
IL-6 and IL-8, MK2 signaling leads to increased mRNA stability 
(12, 17), 

Given that TNF-a is known to play a pivotal role in psoriasis, as 
demonstrated by the successful treatment of psoriasis by anti- 
TNF-a Abs (22-24), and the fact that p38 is activated in lesional 
psoriatic skin, we examined the p38 substrate MK2 in psoriatic 
skin and its role in cytokine production. We demonstrate for the 
first time that the increased TNF-a protein expression in lesional 
psoriatic skin is associated with normal TNF-& mRNA expression. 
Furthermore, the MK2 activity was found to be significantly aug- 
mented in lesional psoriatic skin compared with nonlesional pso- 
riatic skin. In vitro studies of cultured human keratinocytes, using 
small interfering RNA (siRNA) technology to inhibit MK2 ex- 
pression, showed that inhibition of MK2 significantly decreased 
the anisomycin-induced production of the proinflammatory cyto- 
kines TNF-a, IL-6, and IL-8, identifying both p38 MAPK and 
MK2 as potential targets in the treatment of psoriasis and other 
inflammatory diseases. 

Materials and Methods 

Biopsies 

Keratome biopsies were obtained from lesional and nonlesional psoriatic 
skin as previously described (25). Briery, keratoma biopsies from lesional 
and nonlesional plaque-type psoriatic skin were take)* from the center of a 
plaque from patients with moderate to severe chronic stable plaque psori- 
asis from either the upper or lower extremities. For each patient, biopsies 
were taken from only one anatomical site. Biopsies were taken as paired 
samples^ and biopsies from nonlesional psoriatic skin were taken from the 
same body region as biopsies from lesional psoriatic skin at a distance of 
at least 5 cm from a lesional plaque. Informed consent was obtained from 
each patient. For Western blotting and kinase assay analysis, the biopsies 
were taken from the center of a plaque and from nonlesional skin from 
patients with moderate to severe chronic stable plaque psoriasis. 

For immunofluorescence analysis, 4-mrn punch biopsies were taken 
from the center of a chronic plaque and nonlesional psoriatic skin. These 
biopsies were embedded in paraffin. For quantitative RT-FCR, 4-mm 
punch biopsies from nonlesional skin, chronic plaques, and acute guttate 
skin lesions were taken, immediately snap-frozen in liquid nitrogen, and 
stored in liquid nitrogen until further use. The local ethical committee of 
Aarhus approved all described studies. 

Cell cultures 

Normal adult human keratinocytes were obtained by trypsinization of skin 
samples from patients undergoing plastic surgery as previously described 
(26). Second-passage keratinocytes were grown in keratinocyte serum-free 
medium (K-SFM; Invitrogen Life Technologies). Twenty-four hours be- 
fore stimulation with either anisomycin or IL-1 ^, the medium was changed 
to keratinocyte basal medium (KBM; the same as K-SFM, but without 
growth factors) in which the cells were stimulated. In some experiments 
keratinocytes were pretreated with the p38aj3 inhibitor SB202190 {10 ptM) 
for 30 mm before stimulation. Cells were grown at 37°C in 5% C0 2 in an 
incubator. 

Western blot analysis 

Total cell extracts were prepared from keratome biopsies. The biopsies 
were homogenized in a cell lysis buffer (20 mM Tris-base (pH 7.5), 150 
mM NaCI, 1 mM BDTA, 1 mM EGTA, 1% Triton X-100, 2.5 mM sodium 
pyrophosphate, 1 mM j8-glycerolphosphate, 1 mM Na 3 V0 4r 1 /xg/rn! leu- 
peptin, and I mM PMSF) and left on ice for 30 min. Then the samples were 



centrifuged at 10,000 X g for 10 min at 4°C, after which the supernatant 
constituted the cell lysate, Equal protein amounts (as determined by Brad- 
ford assay) were separated by SDS-PAGE and blotted onto nitrocellulose 
membranes (27). Membranes were incubated with phospho-MK2 (recog- 
nizing tsoforms i and 2 of human phospho-MK2; catalogue no. 3041), 
MK2 (recognizing isoform 1 and 2 of human MK2; catalogue no, 3042), 
phospho-p38 (catalogue no. 9211), or p38 (catalogue no. 9212) Abs (Cell 
Signaling Technology) and detected with anti-rabbit IgG-HRP (DakoCy- 
tomation) in a standard ECL reaction (Amersham Biosciences) according 
to the manufacturer's instructions. Densitometric analysis of the band in- 
tensity was conducted using Kodak ID Image analysis software. 

hi vitro kinase assays 

The MK2 kinase activity was performed using anti-MK2 agarose<onju- 
gated beads (Upstate Biotechnology). The agarose beads were washed 
twice with ice-cold cell lysis buffer (20 mM Trizma-base (pH 7.5), 150 mM 
NaCI, 1 mM EDTA, 1 mM EGTA, 1% Triton X-LG0, 2.5 mM sodium 
pyrophosphate, 1 mM 0 -glycerophosphate, I mM sodium orthovanadate, 
1 jag/ml leupeptin, and 1 mM PMSF) and then immunoprecipitated with 
200 fig of protein extract for 1.5 h at 4°C. Immunocomplexes were isolated 
and washed twice with ice-cold cell lysis bufe and once with ice-cold 
kinase buffer (20 mM MOPS (pH 7.2), 25 mM 0 -glycerophosphate, 5 mM 
EGTA, 1 mM sodium orthovanadate, 30 mM MgCl 2i 60 /xM ATP, and 1 
mM DTT). Immunocomplexes were then incubated for 30 min at 30 Q C 
with 30 u,l of kinase buffer supplemented with 4 /xCi of [y- 32 PJATP and 2 
y.Z of 27-kDa heat shock fusion protein (Hsp27). The reaction was stopped 
by the addition of LaemmH sample buffer and boiled for 5 min. Samples 
were analyzed by SDS-PAGE, and phosphorylated Hsp27 was detected by 
autoradiography. 

RNA isolation 

Punch biopsies were transferred to 1 ml of — 80°C cold RNAlater-ICB 
(Ambion). Samples were kept at -SOX until 24 h before RNA purifica- 
tion, at which time they were transferred to — 20°C. Upon RNA purifica- 
tion, biopsies were removed from RNAlater-ICE and transferred to 175 fxl 
of SV RNA lysis buffer supplemented with 2-ME (S V Total RNA Isolation 
System; Promega) and homogenized. RNA purification, including DNase 
treatment of the samples, was completed according to the manufacturer's 
instructions (SV Total RNA Isolation System; Promega). The RNA was 
stored until further use at -S0°C. 

Quantitative RT-PCR 

For RT we used TaqMan RT reagents (Applied Biosystems). Primers and 
probes were purchased from Applied Biosystems. TNF-a mRNA expres- 
sion was analyzed using TaqMan 20X Assays~On-Demand expression as- 
say mix (assay ID: Hs00l74128„mIX The probe was a FAM4abeled minor 
groove binder probe with a nonfluorescent quencher. As housekeeping 
gene, we used ribosomal protein, large> P0 (RPLP0). 

RPLP0 mRNA expression was determined using TaqMan 20X Assays- 
On-Demand expression assay mix (assay ID; Hs99999902„ml). The probe 
was a FAM-labeled minor groove binder probe with a nonfluorescent 
quencher. 

PCR Master Mix was TaqMan 2X Universal PCR Master Mix, No 
AmpErase (Applied Biosystems). Each gene was analyzed in triplicate. 

The real-time PCR machine was a Rotorgene-3000 (Corbeit Research). 
Reactions were run once, Relative gene expression levels were determined 
using the relative standard curve method as outlined in User Bulletin 2 
(ABI PRISM 7700 sequencing detection system; Applied Biosystems), 
Briefly, a standard curve for each gene was made of 4-fold serial dilutions 
of total RNA from a punch biopsy from a psoriatic plaque. The curve was 
then used to calculate the relative amounts of target mRNA in the samples. 

ELISA 

The TNF-a, fL-6\ 1L-S, and ILA0 levels in the keratinocyte culture super- 
natant were measured as follows. TNF-ct was measured using a TNF~a 
DuoSet BUS A Development kit (R&D Systems; catalogue no. DY23L0) 
according to the manufacturer's protocol IL-6 and IL-S were measured 
using an ELISA kit from BioSource International (catalogue nos. 
CHC1263 and CHC1304, respectively), according to the manufacturer's 
protocol. IL-10 was measured by a sandwich ELISA using a combination 
of an mAb (catalogue no. MAB217; R&D Systems) and a biotinylated 
polyclonal Ab (catalogue no. BAF217; R&D Systems), both against IL-10. 
The final result was determined using an ELISA reader (Laboratory Sys» 
terns; iEMS Reader MF) at 450 nm. All measurements were performed 
twice. 
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Small iRNA transfection 

MK2 siRNA against MK2-1 (accession no. NM.004759) and MK2-2 (ac- 
cession no. NMJ32960) were designed by Qiagen. The following probes 
were designed encoding the desired strands: MK2-1, r(CCAUCAUCGAU 
GACUACAA)dTdT (sense) and r(UUGUAGUCAUCOAUGAUGG)d 
CdG (antisense); and MK2-2, r(ACGAGCAGAUCAAGAUAAA)dTdT 
(sense) and r(UUUAUCUUGAUCUGCUCGU)dAdG (antisense). In this 
study cultured human keratmocytes were transacted with 75 nM MK2-1 
and 75 nM MK2-2 siRNA. Nousilencing control siRNA is an irrelevant 
siRNA. with random nucleotides and no known specificity. Transactions of 
the keralinocytes were made according to the manufacturer's protocol 
(Qiagen) using RNAiFect transfection reagent. A fluorescem-labeJed non- 
target siRNA control was used to monitor transfection efficiency, MK2 
siRNA transfection caused no unintentional activation of the 1FN response 
as determined by EL1SA. 

Immunofluorescence analysis 

Four-micrometer sections of paraffin -embedded tissue samples from le- 
sional and nonlestonal psoriatic skin were used. The samples were depar- 
affimzed and then heated at 95°C for 10 min in 10 mM sodium citrate 
buifer (pH 6.0) for Ag unmasking. The samples were then blocked for 1 h 
in blocking buffer (PBS containing 0.3% Triton X~100\ 0,5% skimmed 
milk powder, and 1% fish gelatin) before being incubated with anti- 
phospho-MK2 Ab in blocking buffer overnight at 4*C. The samples were 
washed and incubated with AlexaFluor 594 secondary Ab (Molecular 
Probes) for 2 h> washed, and incubated with anti-keratin 14 Ab (mAb 
LLQ02; from Dr. T. Leigh, Queen Mary, University of London, London, 
U.K.) directly conjugated to AlexaFluor 488 (Molecular Probes). Nuclear 
staining was performed by embedding samples in Prolong Gold antifade 
reagent with DAP! (Molecular Probes). Samples were viewed using an 
epifluorescence microscope (Leica). 

As a negative control, sections were incubated with blocking buifer 
without primary Ab or with the respective preimmune sera. 

Statistical analysis 

For statistical analysis, Student's t test was performed. To test for normal 
distribution, a probability test was made. A value of p < 0.05 was regarded 
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FIGURE 1. TNF-a expression m psoriatic skin. A, The TNF-a protein 
level is significantly increased in lesional psoriatic skin compared with 
nonlesional psoriatic skin TNF-t* ELISA was performed on cell extracts 
from keratome biopsies from normal skin (three diifferent subjects) and 
nonlesional and lesional psoriatic skin (six different psoriatic patients). 
Bach value was determined twice. B, The TNF-ct mRNA expression was 
not altered among normal skin, nonlesional, lesional, and guttate psoriatic 
skin. Punch biopsies from normal skin (three different subjects) and paired 
punch biopsies from nonlesional, lesional, and guttate psoriatic skin (seven 
psoriatic patients) were analyzed for TNF-e* mRNA by quantitative RT- 
PCR, The TNF-cr mRNA expression was normalized to RPLP0. 



Results 

TNF-a mRNA and protein expression in psoriatic skin 

In accordance with previous studies, we found that the TNF-a 
protein level was significantly increased in lesional psoriatic skin 
compared with nonlesional psoriatic skin (p < 0,01). In Fig. 1A, 
the results from six psoriatic patients are depicted, showing a mean 
4.5-fold increase in the TNF-a protein content in lesional com- 
pared with nonlesional psoriatic skin (Fig. I A). The TNF-a protein 
level in normal skin was comparable to that in nonlesional psori- 
atic skin. Guttate/acute psoriasis is made up of small lesions, 
which do not provide enough material to perform Western blot 
analysis. Therefore, TNF-a protein expression was not determined 
in these lesions. 

Quantitative RT-PCR analysis was performed to investigate 
whether the increased TNF-a protein level was paralleled by an 
increased accumulation of the corresponding mRNA in psoriatic 
skin, Interestingly, no difference in TNF-a mRNA expression was 
found among norma! skin, nonlesional psoriatic skin, chronic 
plaques, and acute guttate psoriatic skin lesions (Fig. IB), demon- 
strating a posttranscriptional regulation of TNF-a expression in 
psoriatic skin. 

Immunofluorescence staining of activated MK2 in psoriatic skin 

Due to the expression profile of TNF-a in psoriatic skin and the 
fact that MK2 is known to regulate TNF-a expression at a post- 
transcriptional level, we examined MK2 activation and localiza- 
tion in lesional and nonlesional psoriatic skin. Single positive cells 
strongly stained for phospho-MK2 were found in lesional psoriatic 
skin (Fig, 2, G and H), but not in nonlesional psoriatic skin (Fig. 
2, C and D), These positively stained cells were scattered through- 



out the basal and suprabasal layers of the epidermis, and phospho- 
MK2 was mainly located in the cytoplasm of these cells (Fig, 2, 
G-f). Double staining with keratin 14, a specific keratinocyte 
marker, showed that phospho-MK2-positive cells also stained pos- 
itively for keratin 14 (Fig. 2, H and I). 

MK2 is activated in lesional psoriatic skin 

TNF-a has been demonstrated to be regulated at a posttranscrip- 
tional level by MK2 (19). We therefore analyzed paired keratome 
biopsies taken from nonlesional and lesional psoriatic skin for 
MK2 activity. By Western blot analysis using an Ab recognizing 
the phosphorylated form of MK2, we demonstrated that the phos- 
phorylated form of MK.2 was significantly increased in lesional 
compared with nonlesional psoriatic skin (3.2-fold; p < 0.05). No 
change was seen in the total protein level of MK2 (Fig. 3A). The 
increased level of phosphorylated MK2 in psoriatic skin was par- 
alleled by an increased kinase activity of MK2 in lesional psoriatic 
skin compared with nonlesional psoriatic skin, as measured by 
Hsp27 phosphorylation induced by immunoprecipitated MK2 in a 
kinase assay (2,8-fold; p < 0.05; Fig. 3U). 

Anisomycin and IL-lfi activate p3S and MK2 f leading to 
increased TNF-a protein expression 

To further analyze the p38/MK2 signaling pathway in epidermis, 
we used cultured normal human keralinocytes stimulated with ani- 
somycin, a well-characterized p38 activator, or IL-1/3. Within 5 
min, anisomycin induced rapid activation/phosphorylation of both 
p38 and MK2, as determined by Western blotting. After 3 h, ani~ 
somycin-induced MK2 phosphorylation had almost returned to the 
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FIGURE 1, Localization of acti- 
vated MK2 in iesional and nonle- 
sional psoriatic skin. Increased acti- 
vation of MK2 was found in lesional 
psoriatic skin, as determined by im- 
munofluorescence staining of nonle- 
sionai (A~Z>) and iesional (£-/) pso- 
riatic skin using a pho$pho-MK2- 
specific primary Ab recognizing 
phospho-MK2 isoforms 1 and 2. Nu- 
clear staining was performed using 
4' >6-djamido»2~pheny!mdoIe hydro- 
chloride (blue; A and £). Green (AI~ 
exaFluor 488) demonstrates keratin 
14 (B and F), and red {AtexaPluor 
594) demonstrates activated MK2 (C 
and G). Yellow indicates colocaliza- 
tion {H and I). These results were 
conducted on biopsies from six dif- 
ferent patients. 
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basal level, whereas p38 was still clearly activated even after 3 h 
(Fig. 4A\ IL-1 J3 also induced a rapid phosphorylation of both p38 
and MK2. The IL-10-induced phosphorylation of MK2 returned to 
the basal level after 1 h, whereas the IL4j8~induced phosphoryla- 
tion of p38 returned to the basal level after 3 h (Fig. 4A). Equal 
protein loading was determined by assessing the total protein, 
amount of p38. 



It has been demonstrated that inhibition of the p38/MK2 signal- 
ing pathway leads to decreased TNF-a protein production in mac- 
rophages (18, 28). To detenrune whether the anisomycin- and EL- 
l/3-induced phosphorylation of p38 and MK2 led to increased 
TNF-a protein production in cultured human keratinocytes, 
TNF-a expression was analyzed by an ELISA. The level of TNF-a 
was significantly increased (p < 0.01) after stimulation with 
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FIGURE 3. MK2 activity in psoriatic skin. A, Whole-cell protein ex- 
tracts were prepared from lesional and nonleskmal psoriatic skin and an- 
alyzed by Western blotting. The proteins were separated on an 8~1<5% 
gradient gel and blotted to a nitrocellulose membrane. After blotting, the 
membrane was probed witb an Ab recognizing the phosphorylated form of 
both MK2 isoforms 1 and 2, These experiments demonstrated increased 
levels of the phosphorylated form of MK2 in lesional compared with non- 
lesional psoriatic skin. #, Whole-cell protein extracts (200 jmg of protein) 
from lesional and nonlesional psoriatic skin were prepared for immimo- 
precipitation of MK2 (isoforms 1 and 2). Enzyme activities were deter- 
mined by an in vitro kinase assay, using Hsp27 as the substrate. Kinase 
reactions were prepared for SDS-PAGE, and phosphorylated Hsp27 was 
detected by autoradiography. Increased kinase activity of MK2 was found 
in lesional compared with nonlesional psoriatic skin. 



anisomycin or IL- 1/3 for 1 2 and 24 h. At 24 h, anisomycin-induced 
TNF~a production had increased —15-fold, whereas lLAfi4n~ 
duced TNF-a production had increased -5-fold compared with 
vehicle-treated cells (Fig, 4B). 

Anisomycin- and IL-l$~induced TNF-a production is dependent 
on p38 MAPK activation 

Previous results have demonstrated p38 MAPK to be involved in 
the regulation of TNF-a in monocytes and macrophages (28-30). 
To examine whether anisomycin- and IL-lff-induced TNF~a pro- 
duction in cultured human keratinocytes was dependent on p38 
MAPK activation, we premcubated keratinocytes with the specific 
p38a and p38/3 MAPK inhibitor SB202I90 (10 ju.M) for 30 min 
before stimulation for 5 min with either anisomycin or IL-1 j3. Both 
anisomycin- and IL-lj3-induced p38 activations were significantly 
(p < 0.05) reduced by SB202190, as determined by Western blot- 
ting (Fig, 5A). Measuring TNF-a protein expression by ELISA, we 
demonstrated that anisomycin-induced TNF-a protein production 
was significantly inhibited by preincubation of keratinocytes with 
SB202190 {p < 0.01), whereas IL-1 ^induced TNF-a protein ex- 
pression was only moderately, and not significantly, inhibited by 
SB202190 (Fig. 533). 

MK2 is involved in the anisomycin- and lb*l '^induced TNF-a 
protein production 

Having shown the decisive role of p38 in anisomycin-induced 
TNF-a protein production, we then examined whether MK2 was 
involved in the induction of TNF-a. This was achieved using 
siRNA technology to silence MK2 gene expression in cultured 
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FIGURE 4. Effects of anisomycin and IL- 1 J3 on MK2, p38, and TNF-a. 
A, Cultured human keratinocytes were simulated with anisomycin (0.5 )U,g/ 
ml) or IL-ljS (10 ng/ml) for the indicated times. The whole-cell extracts 
were isolated, and the proteins were separated by SDS-FAGEon an 8-16% 
gradient gel. After electrobiotting, the separated proteins were probed with 
anti-phospho-MK2 (recognising the phosphoiylated form of MK2 iso- 
forms 1 and 2), anti-phospho-p38, and anti-p38. Both anisomycin and 
IL-1/3 led to increased phosphorylation of MK2 and p38 in a time-depen- 
dent maimer, B, Cultured human keratinocytes were stimulated with ani- 
somycin or !L- 1 /3. The supernatant was isolated at the indicated times, and ■ 
the TNF-<v protein content was analyzed by ELISA. Results represent the 
mean ± SD from four separate experiments. TNF~a protein production in 
keratinocytes was significantly increased by anisomycin and IL-ljS after 12 
and 24 h of stimulation. AU measurements were performed twice, *, p < 
0.01 compared with vehicle-treated celts. 

human keratinocytes- In keratinocytes transfected with MK2 
siRNA target sequences for 48 h, the MK2 protein content was 
reduced by 85 ± 6% compared with keratinocytes transfccted with 
control siRNA (Fig. 6A)< 

To analyze the role of MK2 in TNF-a protein production, we 
transfected cultured normal human keratinocytes with MK2 
siRNA for 48 h, and then the keratinocytes were stimulated with 
either anisomycin or IL-ljB for another 24 h. Stimulating keratin- 
ocytes transfected with control siRNA with anisomycin or IL-lfi 
resulted in significantly increased TNF-a protein production of 
-12-fold (p « 0.00079) and 4~foid (p « 0.0047), respectively, 
compared with vehicle-treated cells (Fig. 6, B and Q. When ker- 
atinocytes were transfected with MK2 siRNA, anisomycin-in- 
duced TNF-a protein production was significantly diminished, 
with an inhibition of ~ 55% (p = 0.00031) compared with kera- 
tinocytes transfected with control siRNA (Fig. SB); in contrast to 
p38 MAPK inhibition, IL-l£5-mduced TNF-a production was also 
significantly reduced with an inhibition of —41% (p ™ 0.0017; 
Fig. 6Q. 

Anisomycin-induced production of the proinflammatory cytokines 
IL-6 and IL-8 i$ mediated through a MK2-dependent mechanism 

In addition to TNF-a, IL-6 and IL-8 have been described to be 
regulated at a posttranscriptionai level through the p38/MK2 sig- 
naling pathway (12), Therefore, the anisomycin-induced IL-6, 
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FIGURE S. Effect of SB202I90 on TNF-<x protein production. A, Ani- 
somycin- and IL-lj8-induced phosphorylation of p38 was inhibited by the 
p38 inhibitor, SB202190. Whole-cell extracts were isolated from keratin- 
ocytes preincubated with or without SB 202 190 (10 yiM) for 30 min before 
being stimulated with anisomycin (0.5 jLtg/ml) or IL-1/3 (10 ng/ml) for an 
additional 5 min. Proteins were separated on an 8-16% gradient gel before 
being electroblotted onto a nitrocellulose membrane. Active p38 was de- 
tected by an anti-phospho-p38 Ab. B t The TNF-a protein production in- 
duced by anisomycm and IL4/3 in keratinocytes was inhibited by 
SB202190. Cultured keratinocytes were preincubated with SB202190 for 
30 min and then stimulated with anisomycin (0.5 jug/ml) or IL-ljS (10 
ng/ml) for 24 h. The supernatant was isolated, and the TNF-a; protein 
content was detennmed by ELISA. Results represent the mean ± SD from 
four separate experiments. All measurements were performed twice. < 
0.01 compared with vehicle-treated keratinocytes; < 0.01 compared 
with keratinocytes stimulated with anisomycin and without SB202190. 



and IL-1G protein production in human keratinocytes trans- 
fected with or without MK2 siRNA was determined. As depicted 
in Fig. 7, A and B, protein production of the proinflammatory cy- 
tokines IL»6 and IL-8 was significantly diminished, with an inhi- 
bition of -32% (p = 0.037) and 50% (p = 0.0091), respectively 
(Fig. 7, A and B). In contrast, protein expression of the anti- 
inflammatory cytokine IL-10 was not inhibited by MK2 siRNA, 
although IL-10 protein expression was significantly induced by 
anisomycin (p = 0.0034; Fig. 1Q, 

Discussion 

The proinflammatory cytokine TNF-a is a major mediator of in- 
flammation, TNF-a is not only essential in the pathogenesis of 
psoriasis. Increased levels of TNF-a have also been found in rheu- 
matoid arthritis and Crohn's disease (31-33). Furthermore, a key 
role for this cytokine in the pathogenesis of psoriasis, rheumatoid 
arthritis, and Crohn's disease has been demonstrated by the suc- 
cessful treatment of these diseases with TNF-a antagonists (24, 34, 
35). In this study we showed that the protein expression of TNF-a 
was significantly augmented in lesional psoriatic skin compared 
with nonlesional psoriatic skin. This is in accordance with previous 
studies demonstrating increased immunoreactivity and bioactivity 
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FIGURE 6. MK2-dependent TNF-a protein production. Keratinocytes 
were transfected with nonspecific control siRNA or specific siRNA for 
MK2. A t Transfection of keratinocytes with MK2 siRNA led to a pro- 
nounced inhibition of MK2 protein production. Keratinocytes were cul- 
tured for 48 h before whole-cell extracts were isolated. Western blot anal- 
ysis was performed using an anti-MK2 Ab recognizing both MK2 isoforms 
I and 2. Equal loading was confirmed by incubation with an anti-MSKl 
Ab. B and C, The anisomycm- and IL-ljS-induced TNF-oe protein produc- 
tion was significantly inhibited by MK2 siRNA. Twenty-four hours after 
transfection, the medium was changed from K-SFM to KBM, in which 
keratinocytes were cultured for another 24 h before being stimulated with 
anisomycin (0,5 /xg/ml) or IL-1/3 (10 ng/ml). Twenty -four hours after stinv 
ulation> the supernatant was isolated, and the TNF-a protein content was 
determined by ELISA. Results represent the mean ± SD from experiments 
conducted on six different keratinocyte cultures. All measurements were 
performed twice. *, p < 0.01 compared with vehicle-treated keratinocytes; 
**, p < 0.01 compared with keratinocytes transfected with nonspecific 
control siRNA and stimulated with anisomycm (#) or IL-10 (Q. 

of TNF-a in psoriatic skin (36) together with increased TNF-a 
expression in psoriatic skin, as determined by immunohistoehem- 
istry (37), Interestingly, the increased TNF-a protein expression 
was not paralleled by increased TNF-a mRNA expression in either 
acute or chronic lesional psoriatic skin compared with nonlesional 
psoriatic skin. These results demonstrate for the first time that 
TNF-a is regulated at a posttranscriptional level in psoriatic skin. 
Previous reports have demonstrated that the p3S7MK2 signaling 
pathway plays a pivotal role in the synthesis of proinflammatory 
cytokines such as TNF-a, IL-I, IL-6, and IL-8 at a posttranscrip- 
tional level (12, 17, 19, 29). We recently demonstrated increased 
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FIGURE 7. Inhibition of IL-6 and IL-S protein production by MK2 
siRNA, Transaction of keratinocytes with MK2 siRNA significantly in- 
hibited the amsomycin-mduccd IL-6 and IL-8 protein production, but not 
the IL-10 protein production, Keratinocytes were transfected with nonspe- 
cific control siRNA or MK2-specific siRNA, Twenty-four hours after 
transfection, the medium was changed to KBM, and keratinocytes were 
cultured for another 24 h before being stimulated with anisomycin {0.5 
jug/ml). Twenty-four hours after stimulation, the supernaiants were iso- 
lated, and the IL-6 {A), IL-8 (B) f and IL-10 (Q protein contents were 
detennined by ELIS A. Results represent the mean ± SD from experiments 
conducted on three (A), five {B), and three (Q different keratinocyte cul- 
tures, respectively. All measurements were performed twice. * f p < 0.01 
compared with vehicle-treated keratinocytes; **, p < 0.05 compared with 
keratinocytes transfected with nonspecific control siRNA and stimulated 
with anisomycin. 



kinase activity of the p38 MAPK in lesionai compared with non- 
lesional psoriatic skin (8), Therefore, we examined the activity of 
MK2, a downstream target for p38 MAPK and found an increased 
level of the phosphorylated form of MK2 together with increased 
kinase activity of MK2 in lesionai compared with nonlesional pso- 
riatic skin. In some patients there was a weak positive band for 
phospho~MK2 in nonlesional psoriatic skin. This may illustrate 
that the p38 MAPK/MK2 signaling pathway plays a role in main- 



taining homeostasis in normal skin, whereas it leads to inflamma- 
tion when it becomes overacttvated. Furthermore, detectable basal 
levels of both TNF~ce mRNA and protein were demonstrated in 
noulesional psoriatic skin and normal skin (Fig. 1, A and B). Ac- 
tivated MK2 was selectively expressed in single keratinocytes in 
the basal and suprabasal layers of lesionai psoriatic epidermis* 
whereas no positive cells were found in nonlesional psoriatic epi- 
dermis. Activated MK2 was mainly located in the cytoplasm of the 
specifically stained cells, in accordance with previous reports dem- 
onstrating that MK2 is translocated from the nucleus to the cyto- 
plasm when activated (15), 

To further characterize the p38 3VIAPK/MK2 signaling pathway 
in epidermal keratinocytes* in vitro studies were conducted with 
cultured normal human keratinocytes. MK2 has previously been 
examined in diff erent cell types and cell lines; however, this is the 
first time that MK2 has been examined in keratinocytes. Both ani- 
somycin and IL-1/3 caused activation of p38 MAPK and MK2, 
which led to augmented TNF-a protein expression. The anisomy- 
cia-induced TNF-a protein expression was significantly inhibited 
by the p38 MAPK inhibitor SB2G2190, demonstrating that aniso- 
mycin increases TNF-a by a p38 MAPK-dependent mechanism. In 
contrast, the IL-ljS-induced TNF-a protein expression was only 
moderately inhibited by SB202190, which could be explained by 
the fact that anisomycin is known to be a specific p38 MAPK and 
JNK activator (38), whereas IL-1/3, in addition to activation of p3S 
MAPK and JNK, activates several other kinases, including the 
MAPKs ERK1 and -2 (39). Because previous reports have dem- 
onstrated that MK2 is also a downstream target of ERKl and -2 in 
vitro (40, 41), the IL~lj3~mduced activation of MK2 in keratino- 
cytes may also be mediated by these pathways. 

Because specific inhibitors to MK2 are not commercially avail- 
able, siRNA technology was used to modulate MK2 expression in 
this study. We demonstrated that specific MK2 siRNA inhibited 
MK2 expression in cultured human keratinocytes by -85%. MK2 
siRNA significantly inhibited both anisomycin- and IL-l/3-mduced 
TNF-a protein expression. The use of siRNA technology led to 
only partial inhibition of the expression of the specific target pro- 
tein; this may explain why the anisomycin- and IL-l/3-induced 
TNF~a protein expression was only partially inhibited by ~55 and 
41%, respectively. These results demonstrate that MK2 is a more 
specific target than the p38 MAPK in the inhibition of IL-lp- 
induced TNF-a protein expression, probably because a number of 
upstream signaling pathways, including ERKl and -2 and p38 
MAPK, are integrated into the MK2, Interestingly, we also showed 
that not only TNF-a, but also the anisomycin-induced protein ex- 
pression of IL-6 and IL-8, was inhibited by MK2 siRNA in cul- 
tured human keratinocytes, whereas the amsomycin-induced pro- 
tein expression of the anti-inflammatory cytokine IL-10 was not 
inhibited, although IL-10 expression was significantly induced by 
anisomycin. This strongly indicates that MK2 specifically regu- 
lates the translation of proinflammatory cytokines. 

This present study is unique because it demonstrates that TNF-a 
expression is regulated at a posttranscriptional level in psoriasis. 
Furthermore, we characterize for the first time the localization, 
expression, and activity of MK2 in lesionai and nonlesional pso- 
riatic skin and identify MK2 as the key regulator of TNF-a ex- 
pression in lesionai psoriatic skin as well as in cultured normal 
human keratinocytes. In vitro data also indicate that MK2 integrate 
different upstream signaling pathways and induce the expression of 
predominantly proinflammatory cytokines. These findings are sig- 
nificant because they increase our understanding of how TNF-a 
expression is regulated in inflammatory conditions such as psori- 
asis. Based on these findings, we suggest that MK2 may be a new 
and promising target for specific anti-inflammatory therapy. 
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Mitogen- and Stress-Activated Protein Kinase 1 Is 
Activated in Lesional Psoriatic Epidermis and 
Regulates the Expression of Pro-Inflammatory 
Cytokines 

Anno t F.mrW Claus lohansen 1 , Knud Kragballe 1 , Kristian Otkj<er\ Uffe B. Jensen 2 , MogehsW. Madsen , 

1?ne Skak-Nielsen- U R. Paludal and La, iversen^ • 

Mitogen- and stress-activated protein kinase 1 (MSK1) is a downstream terget of ^^^^!£, r - 

■ - I I + j «, 5n5CO 1/7 (fx>\c-tm mitoeen-activated prote n kinases (MAPKs). MSK1 stimulates transcription 

investigate the expression revealed a consistent and significant increase in 

cultured ^^^r^^^^^Y^o^ psoriatic skin. Immunofluorescence staining revealed the 
ory £d KS^SSSiTthe basal layers of the epidermis in lesional psoriatic skin. No 
phosphoryiatea msn i nrao , n _ oriati<: , kjn cultured human keratinocytes incubated with anisomycin or 
S7fflWpl^ MSK1<Sef37G>. MSK1(Ser376) phosphorylation was 

nh^teJ bv D^*«ffi^3r*e-PM inhibitor SB 202190. Transection of the keratinocytes with speafic 
M^^^ST^S^ in 80% reduction of MSK1 expression and 51, 40, and 31% decrease >n IL-6, 

production, respectively. This study demonstrates for the first t.me the 
' In m £Sk 1 ir ^ eoidermal keratinocytes and increased activation focally in psoriatic epidermis. As MSK1 

■ it -ay play a. role in the pathogenesis of psoriasis. 

Im^iirnnw Intracellular protein kinase cascades transduce, signals 

and abnormal d.fferent, ^JjSS^Y J™ the best characterized of these intracellular protein 

in the pathophysiology of psonas.s {McKenz.e and Sabm, 2003). ^^togen^ a^ ^ ^ ^ ^ ^ 

— i- ~ " " 7T MAPKs. MSK1 is predominantly a nuclear enzyme (Deak 

. 'Department of Vermatohgy, Aafhus Sygehus, Aarhus Unh^ity Hospitah ^ ^ 1998) It has been shown to phosphoryfate various 

Sn^^STi^S^^^- or^ca/ i^^y, - transcription "factors ^ng^r^elen^A^ 

LEOMvZ ealUp, Denmark and'lnstime of Medical Microbiology and ing protein (CREB) (Deak et at, 1998), activation transcnpt- 

Immunology, Aarhus University, Aarhus C, Denmark ]m fact(jr 1 (ATF1 j (Wiggin ef a/., 2002), and the p65 subunit 
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ternus C PK.8000, Denmark. « a ^^^ MP ,„ is strongly inhibited by the two nonspecific MSK1 inhibitors 

^S^^^^^S^^^- Ro31822 ° a " d H89 in ^W2o4 macrophages (Caivano and 

Cohen, 2000),. suggesting MSK1 to.be involved in the 
protein kinase. J; PBS, phosphate-buffered-satine; real-time qPCR, rea/^me regulation of the expression of these proteins. Another study 
quantitative PCR;s!KNA small MerferingRNA^N^tumor nec^ factor, that , L _ 6 mRNA | eVe | s induced by tumor 
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inhibitors of the p38 and ERK1/2 MAPK pathways as well as 
in the presence of H89 (Vermeuien ef ai, 2003). 

MSK1/2 double knockout mice are viable and fertile and 
have no obvious health problems (Wiggin ef al f 2002). 
Embryonic fibroblasts derived from these mice showed a 
complete abolishment of phosphorylation of CREB and ATF1 
in response to anisomycin and UV (Arthur and Cohen, 2000; 
Wiggin et al 4 2002). . 

We recently reported that the activity of the p38 MAPK 
and to a lesser degree ERK1/2 MAPKs are increased in 
lesional psoriatic skin compared with non-lesional skin 
(Johansen et a/„ 2005b). The p38 MAPK may, therefore, play 
an important role in the pathogenesis of psoriasis and other, 
inflammatory conditions. Different , inhibitors of the p38 
MAPK have been identified and are currently, tested in 
clinical trials of rheumatoid arthritis (Saklatvala, 2004), As the 
p38 MAPK signaling pathway may serve as a target in the 
treatment of various inflammatory conditions including 
psoriasis, it is of interest to further characterize the role of 
novel p38 MAPK downstream targets in psoriasis. 

In this study . the localization and activation of MSK1 in 
lesiona! psoriatic skin was compared with non-lesiorial 
psoriatic skin. We show that the phosphorylated (activated), 
form of MSK1(Ser376) is significantly Increased in lesional 
psoriatic skin compared with non-lesional skin. We do also, 
for the first time, use specific MSKT small interfering RNA 
(sIRNA), to inhibit MSK1 expression, in cultured normal 
human keratinocytes; This resulted in a significant decrease 
in the phosphorylation of CREB and in anisomycin-induced 
expression of the pro-inflammatory cytokines H-6, IL-8, and 
TNF-s indicating a role for MSKI in the production of these 
cytokines. No alteration was found in anisomycinHnduced ■ 
IFN-y or M£ production. In conclusion, we identify MSK1 
as a key kinase in lesiona! psoriatic skin-reguiatmg IL-6, IL-8, 
and TNF-<x expression in human skin, and therefore, the MSKI 
might serve as a putative target in the treatment of psoriasis." 

RESULTS 

MSKi expression and activation in lesional psoriatic skm 
compared with non-lesional psoriatic skin 
The phosphorylated Ser376 and total protein expression 
levels of MSKI in psoriatic skin were determined by Western 
blotting. Whole-cell extracts from lesional and non-lesional 
psoriatic skins were isolated and six psoriatic patients were 
examined (Figure 1 a). Analysis of the band intensity .showed a 
significant increase (3 J-fold, P<0.05) in MSKT 5er376 
phosphorylation, and in lesional psoriatic skin compared 
with non-lesional psoriatic skin (Figure 1a and b). No 
significant change was found in the band intensity of total 
MSKI protein (Figure la and c); Equal protein loading, 
was confirmed by assessing the protein level of £-actin 
(Figure 1a). 

Immunofluorescence localization of activated MSKI in 
psoriatic skin 

We investigated the localization of the Thr581 phospnory-. 
lated form of MSKI by performing immunofluorescence 
imaging of lesional psoriatic skin and non-lesional psoriatic 
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Figure 1, MSKI activities in te&oml and non-lesiona* psoriatic skirt. Western 
blotting of equivalent amounts of whole-cell protein extracts from non- 
lesional and lesiona! psoriatic skin was made, (a) The proteins were loaded . 
onto a 10-20% gradient gel and blotted to a nitrocellulose membrane* The 
separated proteins were probed with anti-phosphp-MSK1 (Ser376), or anti- 
MSK1 . Equal load! ng was confirmed by incubating with anti-/J-actm. 
Densitometry analysis of the band intensity from six' patients was carried out 
and the intensity is presented as mean^SD {arbitrary units). The level of 
/T-actin was used for normalization, ft) Phospho-MSKt{Ser376) and <c) totat ' 
MSKi in non-Jesional psoriatic skin compared with lesional psoriatic skin. 
*P<0;05. . ' ': 

skin, from six psoriatic patients, obtained as punch biopsies. 
In all samples studied, a strong staining of Thr581 phosphr> 
MSK1 (activated MSK1) was seen in the lesional psoriatic. 
skin/The staining was present locally In. the basal and supra- 
basal layers of the epidermis (Figure 2g and h). The Thr581 
phospho-MSKI -positive cells stained positive to keratin 14 
(Figure 2e and h),, a specific marker for keratrnocytes. The 
nuclei were localized with ^e-diamidine-l^phenylindole 
dihydrochloride (Figure 2f and h). the ThrSBI -phosphory- 
lated MSK1 was mainly localized in the nucleus of these 
keratinocytes, but some staining was also seen in the 
cytoplasm (Figure 2h and I). The staining of keratin 14 and 
the nuclei in non-lesional psoriatic skin is seen in Figure 2a 
and b, respectively. No staining of phospho-MSKI (Thr581) was 
detected in the non-lesional psoriatic skin (Figure 2c and d). 

and anisomycin induces activation of MSK1(Ser376), 
CREB, and ATF1 in normal human keratinocytes in vitro 
To study the activation of MSK1(Ser376) in epidermal 
keratinocytes, cultured normal human keratinocytes were 
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Non-lesion al psoriatic skin 




Figwre 2. Localization of activated MSK1 in lesional and non-tesibtia* 
psoriatic skin, Immunofluorescence staining of phospho-MSKtfJhrSSI) in. ' 
(a-d> nori-tesionai and <e-h) lesiohal psoriatic skin, Green staining (Alexa . 

• Fluor 488) stains keralta-H blue color {^6<Kamidine-2'i>henyfindole 
dihydrochlortde "(DAPI)) stains the nucleus, and red color (Alexa Fluor. 594) 
stains the activated MSK1. The orange color confirms the localization of. 
activated MSK1 in the cytoplasm of specific keratinocytes. Figures show 
representatives fluorescence images of six psoriatic patients investigated. 

' Original magnification (a-h) x 390 and (i) x T,590. 

incubated with iHjS OOng/ml) or the specific activator 
of p38 MAPK anisomycin (0.5jug/ml),- for various times 
(Figure 3), The levels of phosphory!ated-p38 MAPK/ -ERK1/ 
2, ~MSK1(Ser376), -CREB, and -ATF1 were determined 
by Western blotting of whole-cell extracts (40 of protein). . 
Analysis of:- the band intensity was carried out for ail 
proteins investigated. A significant increase (P<0.05) in 
the phosphorylated form of ERK1/2, p38, MSK1 (Ser376), 
CREB, and ATF1 was seen after 5 minutes incubation with 
li/ljS. The level of phosphorylated ERK1/2 and p38 peaked 
at 5 minutes/ whereas the level of phosphorylated 
MSK1($er376), CREB, and ATF1 peaked at .15 minutes 
(Figure 3). ; . 

Stimulation with anisomycin lead to a significant phos- 
phorylation (P<0.05) of p38 MAPK, M5K1(Ser376), CREB, 
and. ATFT seen after 5 minutes, as determined by analysis of 
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Figure 3. Effects of anisomycin and 11-1/? on ERK1/2, p38, MSK1, CREB, and 
ATFf phosphorylation. Cultured human keratinocytes were stimulated with 
\IA$ (10 ngfoii) or anisomycin {0.5 pg/ml) for 5, 15, 30, and 60mmutes. 
Whole-cell extracts (50 jig of protein) were isolated and separated by SDS- 
PACE on a 10-20% gradient gel. After eiectrobbtting, the separated proteins 
were probed with anti-phospho-ERKI/2 (first serial of bands), anti-phosphc- 
P 38 (second serial of bands), anthphospho-MSKl (Ser376) (third serial of ■ 
bands), or anti-pbospho-CREB/ATFl (fourth serial of bands). Equal .loading 
■was confirmed by incubating with an anti-MSKl antibody {last band). 
. Representative gels of at least three different experiments are shown. 



band Intensity; and it was consistent also after 6Q minutes 
(Figure 3). The phosphorylation of these kinases peaked for 
all of them at 5-30 minutes. The ER.K1/2 was not significantly 
activated by anisomycin* 

Equal loading was confirmed by incubation with an 
anti-MSKI antibody (Figure 3). 

Pre incubation with SB 202190 significantly Inhibits the 
activation of MSK1 (Ser376), CREB, and ATF1 induced by 
IL-1J5 and anisomycin 

To study the role of f>38 in the MSK1 activation, cultured 
normal human keratinocytes were pre-incubated with SB, 
202190 (10 fm). The levels of phosphoryiated-p38 MAPK, 
-MSK1 (Ser376), -CREB, and -ATF1 were determined by. 
Western blotting of whole-cell extracts (40 /jg of protein). 
Analysis of the band intensity was carried out for all the 
proteins investigated. Preincubation with SB 202190 for 
30 minutes before stimulation with either IL-1/J (TOng/ml) or 
anisomycin (0,5 ^g/ml) significantly inhibited (P<0X>5) the 
level of phosphorylated-p38 MAPK at 5 minutes of stimula-. 
tion and -MSK1 (Ser376>, -CREB and -ATF1 at 15 minutes of 
stimulation (Figure 4a). 

To study the role of ERK1/2 in the anisomycin and IL-ljff-. 
induced MSK1 activation, cultured normal human keratino- 
cytes were pre-incubated with PD 98059 {50/im); a specific 
inhibitor to ERK1/2 (Pang et aL, 1995).. The levels of 
phosphorylated-ERKI/2 MAPKs, -MSK1, -CREB, and -ATF1 
were determined by Western blotting of whole-cell extracts 
(40 fig of protein). Analysis of the band intensity was carried 
out for all the proteins investigated. Preincubation with PD 
98059 (50/cm) for 30 minutes before incubation with either. 
IL-1/? (10ng/ml) or anisomycin (0,5/^ml) significantly inhi- 
bited (P<0,05) the level of phosphorylated ERK1/2 at 5 minutes 
of stimulation. The level of phosphorylated-MSK1(Ser376), 
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Figure 4. Effects of SB 202190 and PD 98059 on ERK1/2, p38, MSK1, CREB, 
and ATF1 phosphorylation, (a) Cultured normal human keratinocytes were 
pretreated with (a) SB 202190 (10/im» or (b) PD 98059 (50^) far 30 mtnutes 
before stimulation with IHf HOng/ml) or anisomycin (0 J /ig/ml) for 5 , . 
<pbo S pho-ERK1V2 and phospho-p38 MAPK) and 1 5 minutes (phospho-MSKI , 
phospho-CREB, phosphr>ATF1), WholenreH exacts (50 m of protein) were, 
isolated and separated onto a 10-20% gradient gel. After eiectroblottmg, the . 
separated proteins were probed with (a) anti-phospho-p38 <b> a^priospho- 
ERK1/2, (a, b) antl-phosphoMSKI , or {a, b) atti-phospho-CREB/ATFl . tquai 
loading was confirmed by incubating with an antWvlSKl antibody. 
Representative gds of at least three different experiments are shown. 

-CREB and -ATF1 were not significantly inhibited at 
15 minutes of stimulation (Figure 4b). However, when the 
cells were stimulated by IHj* (Figure 4b), a slight but not 
significant inhibition of phosphorylated~M5K1(Ser376), 
-'■'-CREB, and -ATF.1 was seen. Equal loading was confirmed 
by incubation with an antl-MSK1 antibody (Figure 4a and b). 

MSKI siRNA iransfection reduces MSKI protein content and 
the activation of CREB .. 
To study the effect of 'suppression of the MSKI gene 
expression in cultured normal human keratinocytes, the cells 
were transfected with MSKI siRNA for 48hours before 
stimulation with anisomycin (OJiflgrtrnl): for 15 minutes. The 
levels of total MSKT, MSK2, phosphorylated-CREB, and 
phosphoryiated~ATF2 were determined by Western blotting 
of whole-cell extracts (40 /ig of protein). Analysis of the band 
intensity was carried out for all the proteins investigated. The 
mean total MSK1 protein content in the keratinocytes was 
reduced by approximately 80% (/><0\05) in the transfected 
cells compared to keratinocytes transfected with siControi 
(Figure 5). The level of phospho-CREB was reduced by 
. approximately 50% (P<0.05), whereas no alterations were, 
seen in phospho-ATF2, or total MSK2 protein. The levels of 
MK2 and 0-actin were also examined and no alterations were 
found .(data not shown). The M5K1 siRNA^treated ceils were 
examined for off-target effects (activation of the interferon 
system) checked by analyzing- eJF2*, STAT1, and OAS2 by 
real-time quantitative PGR (real-time qPCR), No activation of 
these IFN-associated anti-viral pathway genes was seen (data 
not shown). 



Figure 5, Effects of MSK1 siRNA transection on total MSKI protein 
expression and phosphorylation of CREB. Cultured human keratinocytes 
were transfected with' nonspecific siControi 0 km) or specific MSK1 siRNA . 
0 rm) for 5 hours before the medium were changed. The cells were grown for 
additional 48 hours before stiroulafJon with anisomycin [OS jig/ml) for 
1 5 minutes was carried out Whole-cell extracts (40 pg of protein) were 
isolated and separated onto a 1 0-20% gradient gel. After electroblotting, 
the separated proteins were probed with anti-MSK1> anti-phospho-CREB, or 
anli~phospho-ATF-2,' Equal loading was confirmed by incubating with an 
anti-MSIQ antibody. Representative gels of at least three, different 
experiments are shown. 

The anisomycin-induced IL-6, lU, and TNF-a production is 
regulated through MSKI 

To demonstrate the role of anisomycin in !L-6, !L-8, and TNF-os 
production in human keratinocytes, we stimulated the keratino- 
cytes for 4/ 6, and 12 hours: A significant upregujation in 
expression levels for these cytokines was seen at 4, 6, and 
12 hours (Figure 6a«c), ; 

To examine whether MSKi is involved in the anisomycirt-. 
induced IL-6, IL-8, and TNF-ce production in human 
keratinocytes, we analyzed the levels of these cytokines m 
the M5K1 siRNA-transfected celts. Twelve hours after 
stimulation, the supernatants were examined by EUSA and 
Luminex protein array; The total protein content in the cells 
was used for normalization. We found in all the experiments 
performed that the cells treated with MSK1 siRNA showed a 
consistent reduction in IL-6, lii-8, and TNF-oc production with 
the average values of 51% (P<0.05), 40% (P<0.05), and 
31% (P<0.05), respectively, compared with the cells treated 
with nonspecific siRNA (siControi) (Figure 6d-f). The. levels of ; 
IH/?- and IFN-7 in MSK1 siRNA4reated cells were also 
investigated and showed no significant changes compared } 
with the cells treated with siControi. {data not shown), even 
though a significant , upreguiation in. these cytokine levels 
were seen compared with unstimulated cells. . . 

DISCUSSION 

MSKI contribute to the regulation of gene transcription of, 
different pro-inflammatory genes through activation of 
transcription factors such as CREB, ATF1 and NF-kB {Deak 
eta/., 1998), MSKI was cloned arid characterized in 1998. 
(Deak et a/., 1 998; New et *L, 1 999). Northern blot analysis 
revealed that MSK1 is ubiquitously expressed, with rnRNA 
found in the eight tissues examined: heart, brain, placenta, 
lung, kidney, liver, skeletal muscle, and pancreas (New etai t 
1999), To our knowledge, MSKI has never been investigated 
in the skin, nor has its role in psoriasis been investigated. 

In this study, we demonstrate the presence of MSKI total 
protein in the lesional psoriatic skin as well as iri the 
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Figure 6 Inhibition of IL-6, and TNF«« by MSK1 siRNA. Kecatirtocytes were stimulated by anisomycin (aSpg/ml) for 4, 6, and 12 hours. The fcHL«&, 
■ (b) IU or the (c) TNF< protein contents were examined by EUSA. Keratinocytes were tmnsfected with siControl {1 hm) or MSK1 siRNA <1 nun] » for 48 hours 
before Incubation with anisomycin (0.5 /igtafi. The (d) iUi, (e) or the (ft TNF-a protein contents were examined 12 hours after Ration by «>?™£!« 
(0 J ^mf). Results represent mean ±SD from at least three different experiments. All measurements were performed In doublets. *P<0.05 compared with ■ 
unstimulated keratmocytes, **P< 0.05 compared with keratinocytes transfected with siControl.: 



non-lesional psoriatic skin- We show that the phosphorylated 
Ser376 and Tnr581 forms of MSK1 are increased in lesional 
psoriatic skin compared with noivlesional psoriatic skin. 
These two forms has recently been shown to bee essentia! for 
the activation of MSK1 (Mccoy et a/., 2005) The finding of; 
increased activation of.MSkl in lesional psoriatic skin is 
interesting, because MSK1 is a downstream. target of p38 
MAPK (Peak etaL, 1998; Roiix and Blenis, 2004), and in a 
very recent publication, we have demonstrated increased p38 ■/ 
MAPK activity in lesional psoriatic skin compared with non~. 
lesional psoriatic skin Oohansen etaL, 2005b). Furthermore, 
MSK1 has been shown to phosphoryiate the NF-kB p65 
subunlt, leading to the stimulation of NF-jeB-driven genes 
(Vermeufen et al t 2003), NF-kB is one of the key regulators ., 
of transcription of a variety of genes involved Jn immune and 
inflammatory responses. Recently, we demonstrated that the 
NF-kB DMA-binding activity is regulated in a specific manner- 
ia psoriatic skin and that topical treatment of psoriatic skin 
normalizes this abnormal NF-KB-binding activity (johansen 
et. al, 2005a)-, In another recent published study, an. 
upregulation of active phosphorylated NF~jcB/rel in the 
epidermis from psoriatic plaques was demonstrated and a 
similar downregulation during eternacept treatment {Lizzu I 
et aL, 2005); Based on these findings, it is possible that 
activation of the p36-MSkl~NF-?eB signaling pathway plays a 
role in the pathogenesis of psoriasis. . . , .': 

To further/characterize the p38 MAPK/MSK1 signaling 
pathway in epidermal keratinocytes, in v/m> studies with 
cultured normal human keratinocytes were carried out WV 
showed that keratinocytes express MSK1. Upon stimulation, 
with anisomycin and IL-10, MSK1(Ser376) as well as CREB 
and ATF1 activation was detectable already after 5 minutes. 
These findings are in accordance with results from other cell 
types. (Wiggin er a/., 2002; Lee et a/., 2003). Our data 
demonstrate that the levels of the phosphorylated form of 
MSK1 in the unstimulated, control cells are relatively low, 
A low or absent level of : phosphorylated MSK1 has 
been demonstrated earlier in other cell types. In cortical 
neurons, phosphorylated MSK1 (Ser376) was low, although 



an activation of ERK also was seen (Arthur etaL, 2004). A low 
level of M5K1 activity in unstimulated cells has also been 
demonstrated in human umbilical vein endothelial cells 
(Gustin etaL, 2004). 

. The inhibitor studies demonstrated that the activation of 
MSK1, CREB, and ATF1 primarily restricts to the p38 MAPK 
pathway. This is owing to our choice of stimulation agents, 
Anisomycin and ll-t ft are predominantly activating the p38 
MAPK pathway of MSK1 rather than the ERK MAPK pathway. 
We use these activators because of the increased activation of 
the p38 MAPK in lesional psoriatic skin (Johansen eta/., 2005b). 

The absence of a specific inhibitor has made it difficult to 
study the rofe of MSK1 . Previously, H89 and Ro31 8220 have, 
been used. These two compounds inhibit, however, other 
,. kinases, such as protein kinase, A/C and casein kinase I 
{Ravicbandran and Burakoff, 1994; Zhong et a/., 2001; 
London, 2003). In the present study, siRNA technology was 
used for the first time, to specific inhibit MSK1. In cultured 
keratinocytes stimulated with anisomycin, siRNA inhibited 
the MSK1 protein content approximately 80% and the 
phosphorylation of CREB approximately 50%. This is in 
accordance with the results obtained in an isomyci.n-sti mu- 
tated MSK1 "knockout" mice fibroblasts {Arthur and Cohen, 
2000; Wiggin etaL, 2002). No changes of the closely related 
proteins MSK2 and MK2, both p38 MAPK downstream targets 
were detected. In addition, the phosphorylation of the MSK1 - 
independent transcription factor ATF2 was hot altered during 
the transection. 

. The inhibition of M5K1 and CREB phosphorylation was 
accompanied by reduced levels of the anisomycin-induced 
IL-6, IL-8, and TNF~a, but not of and IFN-y production, 

Anisomycin in the concentration used in this study has 
previously been described to block protein synthesis (Barros 
ef a/.,. 1997). However, we clearly demonstrate that 
anisomycin in . keratinocytes induces cytokine production,, 
which is in accordance with previous results from our group 
Oohansen et aL, 2006). , - 

Several studies indicate the connection between the 
activation of CREB and IL-6, IL-8, and TNF-a, CREB-binding 
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sites are found in the promoter' regions of TNF-o: (Kuprash 
ef a/ v 1999; Chong et at., 2003). IL-6 and MS production was 
also found to be dependent on CREB phosphorylation 
(Ikewaki and Inoko, 2002; Persson era/., 2005). Our findings 
demonstrate that the expression of selective proinflammatory 
cytokines is partially controlled by MSK1 activity. 

The use of siRNA technology . only leads to a partial 
inhibition; a "knockdown" and not a "knockout" of the 
expression of the specific target protein. This could explain 
the fact that only a partial inhibition of IL-6, 1L-8, and TNF-a 
expression was achieved during the MSK1 siRNA transfeo- 
tion. However, the incomplete inhibition of IL-6, IL-8, and 
TNF-a, may also, suggest that other kinases, downstream of 
the p38 MAPK, are involved in the regulation of these 
cytokines. In particular, the phosphorylation of CREB is 
known to be dependent on both the M5K1 and MSK2 (Wlggin 
et ah, 2002). Owing to this, it would be of interest to 
determine whether simultaneous Inhibition of the MSK2 
might result in a further inhibition of phosphorylated-CREB 
and these cytokines; 

in this study, we demonstrate for the first time the presence 
of MSK1 in human skin. We demonstrate that MSK1 is 
activated in lesional. psoriatic skin compared with no^ 
lesional psoriatic skin. In vitro studies with cultured normal 
human keratinocytes determine MSK1 to play a pivotal role 

■ in phosphorylation of CREB and in IL-6, IL-8, and TNF-a 
production; Taken together, our data indicate that MSK1 may 
play a role in the pathophysiology of psoriasis and that the 
p38/MSK1 signaling pathway may be a novel target tn the. 
treatment of psoriasis, 

MATERIALS AND METHODS 

Biopsies • 

Keratome biopsies were obtained as described previously (Johansen . 

■ et ai t 2004, 2005b) from, lesional psoriatic skin and from non- 
iesional psoriatic skim The patients had untreated -plaque-type 
psoriasis and. the biopsies were taken from the centre of a plaque 
with moderate~to-severe psoriasis from either the upper or lower 
extremities. Furthermore, paired 4mm punch biopsies were taken 
from lesional and non-lesional psoriatic skin for immunofluores- 
cence, These biopsies were paraffin-embedded and.4-/*m sections 
were placed on slides. 

The study was conducted according to the Declaration of 
Helsinki Principles. The medical ethical committee of Aarhus 
approved the study. Informed consent was obtained from each 
patient, ' 

Cell cultures 

Normal adult human keratinocytes were obtained by trypsmizaUon 
of skin samples from patients undergoing plastic surgery as described 
previously (Kragballe er al t 1985; Johansen ef a/., 2003). Second- 
passage ■ keratinocytes were grown in keratinocyte . serum-free 
medium (Invitrogen, Carlsbad, CA). The medium was changed to 
keratinocyte basal medium (the same as keratinocyte serum-free 
medium, but without growth factors) 24 hours before stimulation. 
The ceils were stimulated with anisomycin {0.5/ig/ml; Sigma. 
' Aldrich, St Louis, MO) or 1L-10 dOng/ml; R&D Systems, Oxon, 
UK). In some experiments, the keratinocytes were pretreated with 



the p38a/j? inhibitor SB 2021 90 (1 0^m; Calbiochem, San Diego, CA) 
or the MAPK inhibitor PD 98059 (50 jew; Calbiochem, San Diego, 
CA) 30 minutes before stimulation, A recent publication demon- 
strated that S8 202190 is not necessarily specific for p38, but also 
capable of binding to cholecystokimn 1 (Morel ef a/., 2005), 
Ceils were grown at 37°C and 5% COj, 

Western blot analysis -cells 

A solution containing SO mM Tris-HCl, pH 6,8, .10 mM dithiothretioi, 
1 0 mw /^glycerophosphate, 1 0 mM sodium fl.ouroide, 0,1 mM sodium 
orthovanadate, 10% glycerol, 2.5% SDS (BDH), and phenylmethyl- . 
sulfony! fluoride and. Complete-proteinase inhibitor cocktail were 
used to the lysation of . the cells. The lysates were boiled for 
3 minutes, incubated with benzon nuclease for 15 minutes, and then . 
centrifuged at 1 3,600 g for 3 minutes at 4°C and the supematants 
were removed and stored at ~80°C until use. . 

Equal amount of whole-cell protein extracts (determined by 
Bradford) were separated by SDS-PAGE and blotted onto nitrocellu- 
lose membranes. Membranes were incubated with either anti- 
phospho-p38, ~phospho~ERK, -phospho-MSKl(Ser376), -phospho- 
CREB, phospho-ATF2, -CREB (Cell Signalling technology, Beverly, 
MA), -MSK2 (R&D Systems, Oxon, UK) or>nti-MSK1 (Santa Cruz 
Biotechnology, Santa Cruz,. CA), and detected with horseradish 
peroxtdase-conjugated anti-rabbit or anti-goat (DAKO,. Glostrup, 
Denmark) in a standard ECL reaction (Cell Signalling Technology, 
Beverly, MA). A biotinyiated protein ladder molecular weight marker 
(Cell Signalling Technology, ■ Beverly, MA) was used for . the 
estimation of protein size. Densitometry analysis of the band 
intensity was carried out using Kodak 1 D Image Analysis Software 

Western blot analysis -keratome biopsies 

The biopsies were homogenized in a ceil lysis buffer (20 nM Tris- 
Base, pH- 7.5, 150mM NaCl 1 mM EDTA, 1 mM ECTA, 1% Triton 
X-100, 2S mM sodium pyrophosphate, 1 mM JJ-gfycerolphosphate, 
1 mM Na 3 V0 4 , 1 ;tg/mi leupeptin, and 1 mM phenyl methylsulfonyi 
fluoride) and left on ice for 30 minutes. The samples were centri- ., 
fuged at 1 0,000 g for 1 0 mi nutes at 4*C The supernatant constitute 
the cell lysate. The Western blotting was carried out as described 
in 'Western blot analysis -cells''. 

Immunofluorescence 

The sections were deparafflnized m xylene, hydrated through a 
descending ethanol series, and for antigen unmasking the sections 
were heated in 10mM sodium citrate buffer.(pH 6.0) for 1 minute at 
. full power and 9 minutes at medium power followed by cooling for 
20 minutes. Nonspecific binding sites were blocked by 30 minutes of 
incubation in blocking phosphate-buffered-saline {PBS) <0,5% non : 
fat dry milk> 1% fish gelatine, 03% Triton X-1 00). Tissue sections 
were immunostaihed with the anti-phospho-MSKI rrhr581 ) . (Cell 
Signalling Technology, Beverly, MA; no: 9595) overnight at 4*C. The 
next day, the sections were incubated with the secondary antibody 
(Alexa Flour 594; Molecular Probes, Eugene, OR) diluted in blocking 
PBS buffer for 2 hours. The sections were blocked with mouse serum 
before incubation with the K14 antibody LL002 {a generous gift from 
Dr I. Leigh, Cancer Research, UK), directly conjugated to Alexa. 
Flour 488 {Molecular Probes, Eugene, OR), Nuclear staining was 
performed by mounting samples in Prolong Gold anti-fade reagent 
with <6-diamidme-2^phenylindoie dihydrochbrrde (Molecular 
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Probes, Eugene, OR), To ensure that the staining was not owing to 
nonspecific binding of the secondary antibody or owing to 
nonspecific binding of rabbit IgG, negative controls were made 
incubating the slides with either blocking buffer , without primary 
antibody or normal rabbit IgG, 

siRNA transaction 

Primary keratinocytes were seeded the day. before transection. Cell 
density was 6070%, Before transection, the cells were changed to' 
keratinocyte basal medium. MSK1 siRNA, Pool-number M-004665- 
01 (Dharmacon, Lafayette, CO), and Llpofectamine 2000 (Invitro-. 
gen, Carlsbad, CA) were pre-incubated with keratinocyte basal 
medium. The medium-diluted siRNA and the medium-di luted 
Lipofectamine 2000 incubated for 20 minutes allowing complex 
formation. The si RN A: Lipofectamine complexes were added to the ■ 
cells {final MSK1 siRNA concentration; 1 nM>, As control, siControl 
Non-Targeting siRNA Pool (1 nM) (Dharmacon, Lafayette, CO) was 
used. Five hours after transfection,. the medium was changed to 
keratinocyte serum-free medium. The cells were grown at 37°C and . 

5% co 2 , ■ 

RNA extraction and real-time qPCR 

Total RNA was prepared from human primary keratinocytes by. 
lysing the celts with TRIzol (Invitrogen, Carlsbad, CA). To avoid 
secondary inhibitory mRNA structures, .1 /ig of total RNA was mixed 
with SOpmol oligo-dTte (In a total volume of 13 fi\) and annealed at 
a temperature gradient initiating at fJ0*C and terminating at 50°C 
Subsequently, cDNA synthesis was performed using Superscript H - 
according to the supplier's manual (Invitrogen, Carlsbad,. CA). The 
annealed mRNA:oligo*d(T) was reverse, transcribed in a solution 
containing 1 x Superscript II PCR buffer, .20 U RNasin {Promega, 
Madison, Wt), 0-3 oim MgCl 2 , 0.5 him dNTF, and 200 U Superscript U 
in a total volume of 20 n\ at SOX for 60 minutes. The cDNA was 
diluted with 28<M water before real-time. qPCR measurements. 
Real-time qPCR using an ABl 7900 HT sequence detection system 
and Taqman PCR primer/probes (Applied Biosystems, Foster City, 
CA) was performed according to the manufacturer's protocol. Five 
microliter of the first-strand cDNA was used in an assay consisting of 
Taqman Universal PCR master mix {Applied Biosystems, Foster 
City, CA), 4/ii water, and 1 /xl primer/probe. The following primer/ 
probes from Applied Biosystems (Assay-on-dernand) were used to 
detect the STAT 1 gene expression (Hs0 101 3998^1), .the OAS2 
gene expression. '{Hs00942650„ml), the eIF2* gene expression 
(Hs01026895„rn1), and the gIyceraldehyde-3-phosphate dehydro- 
genase gene expression (Hs99999905.jrt1). The conditions for the 
real-time qPCR were as follows: 95*C for 10 minutes and 40.cycles' 
of 95 °C for is seconds and 60*C for 1 minute. All genes are 
normalized to the expression of the housekeeping gene glycerajde- 
hyde-3-phosphate dehydrogenase. 

EUSA 

IL-8 and TNF-a expression was measured by EUSA using 96 wells 
Maxisorb (Invitrogen, Carlsbad, CA) plates, and the DuoSet® EUSA 
Development System (R&D Systems, Oxon, UK) according to 
manufacturer's instructions (R&D Systems). The wells were incu- 
bated with 100/il diluted Capture Antibody,. 4,0 jug/ml, overnight at 
room temperature. The next day, the wells were washed three times 
with (PBS) containing 0.05% Tween^20(P8ST), before they were 



blocked for 1 hour in 300 pt\ of 1% bovine serum albumin (BSA) in 
PBST. The standards and the samples were diluted in either 1% BSA 
in PBS, for the TNF-a EUSA, or in reagent diluent containing 0,1% 
BSA, 0,05% Tween^20 in Tris-buffered Saline (20 mM Trtema base, 
ISOmM NaCI,.pH 7.2), for the tL-8 EUSA, Hundred microliter were 
added to the wells and incubated for 2 hours at room temperature. 
The wells were washed three times with PBS and then incubated at 
room temperature for 2 hours with 100/d diluted detection antibody, 
either 20ngmil (IL-8 ELISA) or 75 ngmii (TNF-a EUSA)/ The wells 
were washed three times in PBST, and then they were incubated 
with 100^1 diluted streptavtdm-hofseradish peroxidase (1:200) for 
20 minutes. The wells were washed again in PBST and visualized by 
adding 10G>1 of substrate solution (R&D Systems, Oxon, UK) and 
incubated for 20 minutes. The reactions were stopped by incubation 
with 2 n H 2 S0 4 . Finally, the results were determined, in doublets, by 
an EUSA reader {Laboratory Systems JEMS Reader MP, Copenhagen, 
Denmark) at.450nm,. 

Luminex protein array 

Expression of IL-6, IL-1 £, and IFN-y was measured using the Luminex 
Technology* 1 * 4 , and a 17-plex human cytokine kit purchased from 
Bio-Rad. Briefly, the filter plate was washed with assay buffer and . 
50 p\ of freshly vortexed antibody-conjugated beads were added to 
each well. Trie plate was washed with assay buffer and samples and 
standards were added. After a brief shake (30. seconds at 
1,100r.p,rn>), the plate was incubated at room temperature in the. 
dark for 45 minutes with light shaking (300r,p.m,). After one wash-, 
step, 25 fd of the detection antibody was added to each well, and the 
plate was shaken and incubated as above. Subsequently, the plate 
was washed and incubated for 10 minutes /with 50^1 of a 
streptavidtn-PE solution with shaking (30 seconds at 1,100r.p.m., 
lOminutes at 300r.p.ra)« Finally, the plate was washed and 125 $ 
of assay buffer was added to each well and the plate shaken for 
10 hours at 1,100r.p.m. and read immediately on the Bio-Plex 
machine. , '■' ;■ 

Statistics " 

Results were expressed as mean ± standard deviation. Statistical 
significance (F<0.05) was assessed by Student's Mest To test for 
normal distribution, a probability, test was conducted. . 
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Background Alterations in specific signal transduction pathways may explain the 
hyperproliferation and abnormal differentiation of the keradnocytes as well as 
the increased expression of inflammatory cytokines seen in psoriasis. Major sig- 
nalling pathways used by eukaryotic cells to transduce extracellular signals into 
cellular responses impinge on the mitogen-activated protein kinases (MAPKs) . 
Objectives To investigate the expression of the MAPK p38, extracellular signal- 
regulated kinase (ERK) and c-Jun NH 2 -terminal kinase (JNK) in psoriatic skin. 
Methods Keratoma biopsies were taken from patients with plaque-type psoriasis. 
Western blot analysis was used to determine p38, ERK and JNK activity and pro- 
tein levels, whereas kinase assays were used to examine the kinase activity of 
p38. 

Results We demonstrated increased levels of the phosphorylated forms of p38 and 
ERK 1/2 in lesional psoriatic skin compared with nonlesional psoriatic skin. No 
abnormality was found in the activation and expression of JNK 1/2, Ex vivo kinase 
assays confirmed the increased activation of p38, and furthermore demonstrated 
increased kinase activity of the p38 isoforms p38ot, p38p and p38§ in lesional 
compared with nonlesional psoriatic skin. p387 was not detected in the psoriatic 
skin. Clearance of the psoriatic lesions, induced by climatotherapy at the Dead 
Sea for 4 weeks, led to a normalization in the activity of both p38 and ERK 1/2. 
Conclusions Taken together, our results demonstrate that the activity of the MAPKs 
p38(X, p38)3 and p385 and ERK1/2 are increased in lesional psoriatic skin com- 
pared with nonlesional psoriatic skin, and that clearance of psoriasis normalizes 
the p38 and ERK 1/2 activity. Thus, p38 and ERK 1/2 might be potential targets 
in the treatment of psoriasis. 



Psoriasis is a chronic inflammatory skin disorder affecting 
approximately 2% of the European population. 1 It is character- 
ized by infiltration of the skin by activated T cells and an 
abnormal proliferation and differentiation of the keratinocytes. 
It has been suggested that psoriatic keratinocytes have abnor- 
malities in expression and/or activation of different transcrip- 
tion factors as well as abnormalities in several signalling 
pathways/' 5 

Regulatory mechanisms controlling proliferation, differenti- 
ation, immune responses and apoptosis of cells involve intra- 
cellular protein kinase cascades chat can transduce signals 
from the cell's surface into changes in gene expression. The 
mitogemactivated protein kinase (MAPK) cascades are among 
the best characterized of these intracellular signalling path- 
ways- 4,5 The MAPKs are serine-threonine kinases that, in 



response to a wide array of extracellular stimuli, are activated 
by phosphorylation on threonine and tyrosine residues. The 
MAPK pathway consists of a three-kinase module which 
includes a MAPK kinase kinase that activates a MAPK kinase 
which, in turn activates MAPK, 4 Activated MAPKs translocate 
to the nucleus where they phosphorylate a variety of tran- 
scription factors and other target proteins and thereby regu- 
late the transcription of target genes. 6 Four different and 
distinctly regulated groups of MAPK have been described. 
These include the p38 MAPKs {p38ot/p/5/v), the extracellu- 
lar signal-regulated protein kinases (ERK 1/2, also referred to 
as p44/p42 MAPKs), the jun NH 2 -terrmnal kinases (JNK 1/2), 
and ERK5. The ERK pathway is predorninandy activated by 
growth factors and other mitogens and has been shown to 
be involved in the vitamin D-induced differentiation of 
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keratinocytes 7 and Caco-2 cells. 6 In contrast, p38 and JNK 
are preferentially activated by inflammatory cytokines and 
environmental stresses such as osmotic shock and tilrraviolet 
(UV) irradiation. 6 ' 9 The p38 isoforms, p38ot, p38|3 and 
p38o\ but not p38y are expressed in the epidermis. 10,11 It 
has been suggested that p38ot and p3Bp play important roles 
in mediating keratmocyte responses to cellular stress, 12 
whereas p385 has been shown to play an important role in 
inducing keratmocyte differentiation, 12 

The purpose of this study was to examine whether the 
expression and the activity of the MAPKs were altered in le- 
sional psoriatic skin compared with nonlesional psoriatic skin. 
We demonstrated that the activity of the p38 isoforms, p38ct, 
p38p and p38o\ are increased m involved psoriatic skin com- 
pared with noninvolved psoriatic skin, whereas their protein 
levels are not changed. Furthermore, clearance of psoriasis by 
climatotherapy at the Dead Sea for 4 weeks leads to a com- 
plete normalization of p3B and ER&1/2. 

Materials and methods 

Materials 

Keratinocyte serum-free medium (KSFM) and keratmocyte 
basal medium (KBM) were obtained from Invitrogcn (Carls- 
bad, CA, U.S.A.). p38 MAPK assays and antibodies against 
phospho-p38, p38ot, p38o\ p38 ? phospho-MAPK (p44/p42), 
MAPK (p44/p42), phospho-JNKl/2, JNKE/2, activating tran- 
scriptional factor (ATF)-2 and phospho-ATF-2 were pur- 
chased from Cell Signalling Technology (Beverly, MA, 
U-S.A.). Ami-TBP (TATA binding protein), ami~p38(3 and 
anti~p38y antibodies were purchased from Santa Cruz Bio- 
technology (Santa Cruz, CA, U.S.A.), Horseradish peroxidase 
(HRP) -conjugated antirabbit IgG antibody was from DAKO 
(Glostrup, Denmark) . 

Biopsies 

Keratome biopsies were obtained from lesional and nonle- 
sional psoriatic skin as previously described. 3 Informed con- 
sent was obtained from each patient. The patients had 
untreated plaque-type psoriasis. Furthermore, biopsies were 
taken from lesional psoriatic skin before and after clearance. 
Clearance was induced by climatotherapy at the Bead Sea for 
4 weeks. 

Cell cultures 

Normal adult human keratinocytes were obtained by trypsin^ 
zation of skin samples from patients undergoing plastic sur- 
gery as previously described. 13 First-passage keratinocytes 
were grown in KSFM. Twenty-four hours before UVB stimula- 
tion (250 J m~ 2 ) the medium was changed to KBM (the same 
as KSFM but without growth factors) in which the cells were 
stimulated. The UV source was a linear bank of UVB fluores- 
cence tubes emitting UVB light (Phillips TL12). In some 



experiments the keratinocytes were pretreated with the 
p38<x/p inhibitor SB 202190 (10 umol IT 1 ) for 30 mm 
before UVB stimulation- Following UVB stimulation the cells 
were incubated for 15 min before extraction. Cells were 
grown at 37 °C and 5% CO^ in an incubator, 

Western btot analysis 

Total cell extracts were prepared from keratome biopsies taken 
from psoriatic patients using the TR1ZOL reagent according to 
the recommendation of the manufacturer (Invitrogen). Equal 
amounts of protein (as determined by Bradford) were separ- 
ated by sodium dodecyl sulphate-polyacrylamide gel electro- 
phoresis (SDS-PAGE) and blotted on to nitrocellulose 
membranes. 14 Membranes were incubated with the appropri- 
ate primary antibody and detected with antirabbit IgG-HRP 
(DAKO) in a standard ECL reaction (Amersham Biosciences, 
Uppsala, Sweden) according to the manufacturer's instruc- 
tions. Densitometry analysis of the band intensity was carried 
out using Kodak ID Image Analysis Software. 

in vitro kinase assays 

The activities of the p38 MAPKs were measured using non- 
isotopic p38 MAPK assay systems (Cell Signalling Technol- 
ogy). Anti-p38a, anti-p38j3 and anti-p38o* MAPK antibodies 
(2 Hg per sample) were adsorbed to Protein G-Sepharose 
beads for 2 h at 4 °C p38ce, p3Sp and p38$ were nnmuno- 
predpitated by incubating 200 jig of total cellular protein 
overnight at 4 °C with the adsorbed Sepharose beads. Irnmu- 
nocomplexes were isolated and washed three tunes with 
0-5 ml ice-cold lysis buffer (20 mmo! IT 1 Tris pH 7*5, 
1 50 mmol V ] NaCl, 1 mmol IT 1 ethylenediamine tetraacetic 
acid, I mmo] V 1 ethylene glycol bis-(P~aminoethyl ether) 
N,N,N', N'-tetraacetic acid, 1% Triton X-100, 2-5 mmol IT 1 
sodium pyrophosphate, 1 mmol IT 1 (3-glycerol phosphate, 

1 rnmol L~ T Na 3 V0 4 , 1 mL"' leupeptin and 1 mmol L _i 
phenylmethyisulphonyl fluoride). Thereafter the immuno- 
complexes were washed twice with ice-cold kinase buffer 
(25 mmol IT 1 Tris pH 7-5, S mmol IT 1 p-glycerolphosphate, 

2 mmol IT 1 dithiothreitol, 0*1 mmol IT 1 Na 3 V0 4 and 
10 mmol IT 1 MgCl 2 ). Immunocomplexes were then incuba- 
ted for 30 min at 30 °C with 50 ul kinase buffer supple- 
mented with 200 jimol L -1 adenosine triphosphate and 2 Jig 
ATF-2 fusion protein. The reaction was stopped by the addi- 
tion of 25 JiL 3 X SDS sample buffer and boiling for 5 min. 
Samples were centrifuged for 2 min (12 000 g), and 30 uX 
of the supernatant was then resolved by SDS-PAGE (10-20% 
gradient gel) and electroblotted on to a nitrocellulose 
membrane. 

Statistical analysis 

For statistical analysis a Student's t-test was done. To test for 
normal distribution, a probability test was made. P < 0*05 
was regarded as statistically significant. 
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Results 

Activity and protein levels of the mitogen-activated 
protein kinases P38, ERK1/2 and JNK1/2 in lesional 
psoriatic skin compared with noniesionat psoriatic 
skin 

To investigate the protein levels and the activity of the 
MAPKs p38, ERKI/2 and JNKi/2 in psoriatic skin, whole 
cell extracts from lesional and nonksional psoriatic skin 
were isolated. Western blotting experiments demonstrated 
that the level of the active phosphorylated form of p38 was 
significantly increased (4- 3 -fold as determined by densito- 
metric analysis, P < 0*0S) in cell extracts from lesional 
psoriatic skin compared with nonlesional psoriatic skin from 
the same patient. No significant changes were found in the 
total protein level of p38 (Fig. 1). hi two of four patients 
investigated, active phosphorylated ERKl and ERK2 were 
increased m lesional psoriatic skin compared with nonle- 
sional psoriatic skin, whereas the protein levels of total 
ERJC1 and ERK2 were unchanged (Fig. \). Neither the pro- 
tein levels of JNKI and JNK2 nor the level of the active 
phosphorylated forms of JNKI and JNK2 were significantly 
changed in lesional psoriatic skin compared with nonlesional 
skin. Equal protein loading was confirmed by assessing the 
protein level of TBP. 



Activity and protein levels of the mitogen-activated 
protein kinases P38, ERK1/2 and JNKa/2 before and after 
clearance with climatotherapy 

Biopsies were obtained from psoriatic patients before and after 
clearance by climatotherapy at the Dead Sea for 4 weeks. 
Whole cell extracts were isolated and analysed by Western blot- 
ting. It was found that the active phosphorylated forms of both 
p38 and ERIC1/2. were significantly higher (2 -8 -fold, P < 0-05 
and 2-1 -fold, P < 0*05, respectively) in biopsies taken from 
untreated lesional psoriatic skin, compared with post-treatment 
biopsies (Fig. 2). No significant changes in the active phos- 
phorylated forms of JNKI/2, together with die protein levels 
of p38, ERKI/2 and JNKI/2 were seen in the biopsies from 
pre- and post-treatment patients (Fig. 2). Equal protein loading 
was confirmed by assessing the protein level of TBP. 

P38 kinase activity is increased in psoriatic skin 

The above results showed an increased level of phosphorylat- 
ed p38 in. lesional psoriatic skin. To test if this was paral- 
leled by an increased p38 kinase activity we performed a 
p3S kinase activity assay. As shown in Figure 3 tht p38 kin- 
ase activity is significantly increased in lesional psoriatic skin 
compared with nonlesional psoriatic skin as measured by 
ATF-^2 phosphorylation (6'9-fold. P < 0*05) (Fig. 3). Equal 
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Fig 1 . Mitogen-activated protein kinase (MAPK) expression in 
psoriatic skin. Whole cell protein extracts (SO ug of protein) were 
prepared from lesional and nonlesional psoriatic skin from patients 
with psoriasis vulgaris. The protein extracts were separated by 
sodium dodecyl sulphafe-polyacrylamide gel electrophoresis on a 
10-20% gradient gel After ckctroblottmg, the separated proteins 
were probed with die indicated antibodies. Equal loading was 
confirmed by incubation with an anti~TBP (TATA binding protein) 
antibody. 
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Fig 2* Clearance of the psoriatic patients leads to a normalization of 
the p3 8 and ERK 1 /2 activity. Biopsies were taken from psoriatic 
patients before and after clearance by climatotherapy at the Dead Sea 
for 4 weeks and whole cell protein extracts were prepared- Proteins 
were separated by sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis on a 10-20% gradient gel and the separated proteins 
were probed with the indicated antibodies- Equal loading was 
confirmed by incubation with an anti-TBP (TATA binding protein) 
antibody. 
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Fig 3. p38 kinase activity is increased in psoriatic skin. Whole cell 
protein extracts (200 j£g of protein) from lesional and nonlesional 
psoriatic skin were prepared for immunoprecipitadon of p38 
mitogen-actfvated protein kinase* Enzyme activities were determined 
by an in vitro kinase assay using activating transcriptional factor (ATF)- 
2 as substrate. Kinase reactions were prepared for sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis and immunoblotted with 
antiphospbo-ATF-2 antibody. Bqual loading was confirmed by 
incubation with an ami-ATF-2 antibody. 

protein loading was determined by loading equal volumes of 
the immunocomplexed suspension and assessing the ATF-2 
protein level. 



The kinase activity of the 038 isoforms p38a, P3&/? and 
P381? is increased rn psoriatic skin 

To de term me which p38 isoforms are activated in psoriatic 
skin, we adsorbed anti-p38ct, anti-p38p and antj-p38S-speei,fic 
antibodies to different Protein G™Sepharose beads and chal- 
lenged these with extracts of lesional and nonlesional psoriatic 
skin. The immunocompkxes were then assayed for the ability 
to phosphorylate ATF-2. The kinase activities of p38ot (2 ( l- 
fold, P < 0-05), p38p (3-0-fold, P < 0-05) and p388 (2-7- 
fold, P < 0*05) were significantly increased in lesional psoria- 
tic skm compared with nonlesional psoriatic skin based on the 
ability to phosphorylate ATF-2. In contrast, the total protein 
levels of p38ot f p38p and p38o* were not altered in lesional 
psoriatic skin vs. nonlesional psoriatic skin (Fig, 4a). The 
p38y isoform could not be detected in keratome biopsies 
from psoriatic patients (data not shown). 

In control experiments cultured normal human keratino- 
cytes were pretreated widi or without the p38 inhibitor SB 
202190 (10 nmol L" 1 ) (known to selectively inhibit the p38oc 
and p38p isoforms 1 s ) for 30 mm before being stimulated 
with UVB (250 J m~ ? '). Whole cell extracts were isolated and 
a p38 kinase activity assay performed. SB 202190 
(10 umol L™ 1 ) inhibited UVB-induced p38a and p38p kinase 
activity, but not p385 kinase activity, indicating specificity of 
the antibodies and absence of cross-reactivity (Fig. 4b) > 
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Fig 4, The kinase activity of the p38 isoforms p38a, p38p and p386 are increased in psoriatic skin, (a) Equal amounts of protein (200 jig) from 
lesional and nonlesional psoriatic skin were precipitated using anti-p38a, anri-p3Sp or anti-p385 antibodies and protein G-Sepharose beads. 
Activities of die precipitated kinases were monitored based on the ability to phosphorylate activating transcriptional factor (ATF)~2 fusion protein 
using an antibody specific for phosphor- ATF- 2. p38ot, p38p and p385 protein levels were assayed by imrmmoblot using anti~p3Sa> anti-p38p and 
anti~p385" antibodies, (b) Whole cell extracts were isolated from cultured human keminocytes pretreated with or without the p38 inhibitor SB 
Z02190 (10 nmol IT 1 ) for 30 mm before ultraviolet B irradiation (250 J m' 1 ); 200 ug of protein were precipitated using and*p3Sa r ami p38p or 
anti-p385 antibodies and protein G-Sepharose beads. A kinase reaction was performed and prepared for sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis and immunoblotted with antiphospho-ATF-2 antibody. Equal loading was confirmed by incubation with an ami- ATF-2 antibody. 
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Discussion 

The MAPKs control a wide variety of cellular events from 
very complex cellular programmes such as cell different!- 
avion, cell proliferation and apoptosis to processes involved 
in immune responses. In the present study we have demon- 
strated that the activity of p38 and BRK1/Z are increased in 
ie&ional psoriatic skin compared with nonlesional psoriatic 
skin. By examining the different p38 isoforms we found that 
the kinase activity of p38a, p3 Sp and p38$ were increased 
in lesional compared with nonlesional psoriatic skin. Further- 
more, we showed that clearance of the psoriatic patients with 
climatotherapy at the Dead Sea normalizes die activity of p38 
and ERKl/2. 

In accordance with our results, previous studies have repor- 
ted increased activation of EKK in lesional psoriatic skin. 16,17 
Takahashi et al found an increased level of the activated form 
of EKK 1/2 as well as an increased activation of JNK in psoriat- 
ic skin. Furthermore, they found no difference in the activa- 
tion of p38 between lesional and nonlesional psoriatic skin. 1 * 
In contrast, ot^r study revealed that not only was the phos- 
phorylated form of p38 significantly increased m psoriatic 
skin, but also the p38 kinase activity was significantly 
increased in lesional vs. nonlesional psoriatic skin. We cannot 
explain the difference between the results obtained by Takaha- 
shi ct ak and our results. However, different methods of col- 
lecting the skin sampks have been used. Furthermore, we 
have determined p38 kinase activity that was not analysed by 
Takahashi ct dL 

We have shown that die p38 isoforms p38ct, p38(3 and 
p385 are all expressed, but that their expression is not regula- 
ted in psoriatic skin. p38y was undetectable in die skin; this 
has also been found by others. 10 The kinase activity of p38oc f 
p3S(3 and p38o" was clearly augmented in lesional psoriatic 
skin compared with nonlesional psoriatic skin, Similar to other 
cellular systems > p38ot and p38p have been, found to be acti- 
vated in keratinocytes treated with UV light, H 2 0 ?t , tumour 
necrosis factor (TNF)-a and interleukin (IL)-f j3> suggesting an 
important role of these two isoforms in mediating kera&no- 
cyte responses to cellular stress. 18,19 Because the keratinocytes 
in lesional psoriatic skin are characterized, not only by abnor- 
mal growth, but also by increased expression of inflammatory 
cytokines such as TNF~a and IL-8, 20 ' 7 " 1 it is possible that the 
increased activity of p38cc and p38P plays an important role 
in the inflammatory part of psoriasis. Interestingly, we found 
that the kinase activity of the p38$ isoform was upregulated 
in psoriatic skin. p385 has previously been shown £0 play an 
important role in inducing keratinocyte differentiation, 17 ' and 
recent studies strongly suggested p385 as die major p38 iso- 
form driving the expression of the keratinocyte differentiation 
marker involucrin. 22 '* 3 li is therefore of interest that the dif- 
ferentiation marker involucrm has been demonstrated to 
be increased in lesional psoriatic skin. 24 Thus, the increased 
kinase activity of p38d seen in psoriatic skin might play a role 
in the psoriatic differentiation pattern by increasing involucrin 
expression. 



The beneficial effect of climatotherapy at the Dead Sea for 
psoriatic patients is well known and has been used successfully 
for the treatment of moderate to severe psoriasis , 25 " 27 How- 
ever, very little is known about die in vivo effect of climato- 
therapy at the Dead Sea at the molecular and cellular levels. 
Our data demonstrate for the first time a possible molecular 
explanation for die beneficial effect of climatotlierapy at the 
Dead Sea. 

In this study we have demonstrated that clinical expression 
of psoriasis is associated with increased p38 and ERK1/2 activ- 
ity, suggesting that p38 and ERKI/2 might play a role in the 
pathophysiology of psoriasis. Because the expression and 
actions of important cytokines such as TNF-cc are dependent 
on p38 and EM 1/2 activity, these MAPKs might be novel tar- 
gets in the treatment of psoriasis. 
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Abstract 

Abnormalities in several signaling pathways and in the expression and/or activation of different transcription factors in psoriatic keratinocytes 
have been hypothesized to play a role in the pathophysiology of psoriasis. The mitogen-activated protein kinase (MAPK) cascades are among the 
best characterized of intracellular signaling pathways, and they play important roles in cell proliferation, differentiation, gene expression, and 
inflammation. We investigated the expression, activation and distribution of extracellular signal-regulated kinases (ERKs), p3S mitogen-activated 
protein kinases (p38 MAPK) and c-Jun N-terminal kinases (JNKs), using immunohistochemistry and Western blot in lesional psoriatic skin and 
normal control skin, to clarify the possible roles of these kinases involved in the pathogenesis of psoriasis. The immunoblot analysis demonstrated 
that activation of ERK1/2 and p38 MAPK increased in the lesional psoriatic skim In addition, a significant increase in p-MEK (die upstream 
activator of ERK), and p-CREB (a downstream transcription factor of active ERK) was also found in our experiment. The immunohistochemical 
study showed that the levels of phosphorylated ERK 1/2 and p38 MAPK were enhanced in lesional psoriatic skin compared with controls. 
Phosphorylated ERK1/2 and p38 exhibited clear nuclear localization throughout the epidermal part of lesional psoriatic skin. These findings 
suggested that BRK1/2 and p38 pathways were involved in the pathophysiology of psoriasis. 
© 2007 Elsevier Inc. All rights reserved. 

Keywords: Extracellular signal-regulated kinase; p38 mitogen-activated protein kinase; cJun N-terminal kinase; Psoriasis 



Introduction 

Psoriasis is a common skin disorder, and estimates of its pre- 
valence vary from 0.5% to 4.6% the world population. It is 
characterized by epidermal hyperplasia, increase in keratin 
expression, and recruitment of T cells as well as changes in the 
endothelial vascular system (Bos et al. ? 2005; Bowcock and 
Krueger, 2005; Krueger and Ellis, 2005). The dysfunction of 
immune system was known to be an important factor in the 
pathogenesis of psoriasis (Bowcock and Krueger, 2005), 
meanwhile strong evidence also indicated that keratinocytes 
contributed to the disease (Kwon et al> 2004; Park et al., 2005; 
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Yu et al, 2006)- Intracellular protein kinase cascades transduce 
signals from the cell surface into nucleus. Thereby, they con- 
tribute to the regulatory mechanism controlling cell prolifera- 
tion, differentiation, and apoptosis. Abnormalities in several 
signaling pathways and in the expression or activation of 
different transcription factors in psoriatic keratinocytes have 
been hypothesized to play a role in the pathophysiology of 
psoriasis (McKenzie and Sab in, 2003). 

The mitogen-activated protein kinase (MAPK) cascades are a 
group of important pathways among these intracellular protein 
kinase cascades (Robinson and Cobb, 1997). Three main MAPK 
have been well characterized: the extracellular signal-regulated 
protein kinase 1/2 (ERK 1/2), the p38 mitogen-activated protein 
kinases (p38 MAPKs) and the c-Jun N-terminal kinase (JNKs). 
Upon activation by phosphorylation of both threonine and 
tyrosine residues, these kinases phosphorylate intracellular 
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enzymes and transcription factors. ERK can be activated in 
response to growth factor (Boulton et al, 1991), oxidative stress 
(Aikawa et at, 1997), and increases of intracellular calcium 
levels or glutamate receptor stimulation (Robinson and Cobb, 
1997). Phosphorylation of ERK links to immediate early gene 
induction, and hyperphosphory lation of the nuclear transcription 
factor E-26-like protein 1 (Elk~l) and cAMP/calcium-respon- 
sive element binding protein (CREB) (Sgambato et al, 1 998). 
p38 and JNK are activated by stress signals such as 
inflammatory cytokinase, heat shock, ultraviolet light and 
ischemia (Kyriakis and Avruch, 1996). Phosphorylation of p38 
can active MAPK-activated protein 2 and transcription factor 
(ATF) 2, and phosphorylated JNK can activate c~Jun directly 
(Van Dam et aL, 1 995; Derijard et al, 1 995). 

The importance of MAPKs as pathological modulators is 
being increasingly recognized (Mielke and Herdegen, 2000). In 
the present study, we hypothesized that there would be some 
alterations on MAPK expression and activation, between lesional 
psoriatic skin and normal control skin. 

Materials and methods 

Tissue samples 

We obtained skin biopsies of psoriatic lesions from 24 outpatients (mean 
age =*3 9. 7 years; skin involvement 15-40%) at Shandong University Hospital 
The patients had untreated plaque-type psoriasis and the biopsies were taken 
from the center of a plaque with moderate-to-severe psoriasis from either the 
upper or lower extremities. We obtained norma! skin from 1 0 anatomic-matched 
healthy individuals (mean age= 42,2 years), Informed consent was obtai ned from 
all subjects before the study. The medical ethical committee of Shandong 
approved the study. 

Antibodies 

Mouse antiphospho-ERKl/2 (p»ERKU2) antibody, rabbit anti^ERKl/2 
antibody, mouse antiphospho-p3S (p-p38) antibody, mouse anti-p38 antibody, 
mouse antiphospho-JNK (p-JNK) antibody, mouse anti-JfNK antibody and rabbit 
anti-actin antibody were purchased from Santa Cruz Biotechnology (Santa Cruz, 
C A, USA), Rabbit antiphospho -MBK (p-MEK.) and mouse antiphospho-CREB 
(p-CREB) were obtained from Upstate (NY, USA), 

Immunohistochemistry 

Tissue specimens were fixed in 10% formalin, embedded in paraffin and 
sectioned. Endogenous peroxidase activity was quenched by incubation in 3% 
hydrogen peroxide in 60% methanol for 1 5 rain. The sections were blocked with 
5% normal goat serum to prevent non-specific staining by fee secondary 
antibody, and then were incubated overnight at 4 °C with each primary antibody. 
After the sections were washed, they were incubated with the secondary antibody 
conjugated with horseradish peroxidase at a 1:400 dilution for I h at room 
temperature. After several washed, color was developed by incubation with 3,3- 
diaminobenzidine tetrahydrochloride (DAB) used as a cosubstrate for 5-7 min. 
Negative controls sections were treated identically except for the absent of 
primary antibody. 

Western blot analysis 

The skin was incubated with 1000 0/ml dispase in phosphate-buffered saline 
for overnight at 4 °C. Following this, the epidermis was separated from the 
dermis. The epidermis was homogenized in ice-cold iysis buffer (20 nM Iris™ 
Base, pH 7.5, 150 rmM NaCI, 1 mM EDTA, 1 mM EGTA, 1% Triton X-100, 
2.5 mM sodium pyrophosphate, 1 mM p-glycerolphosphate^ 3 vsM Na^VO^ 



1 jug/ml leupeptin, and 1 mM phenylmethylsulfcnyl fluoride) and left on ice for 
30 min. The samples were centrifuged at 10,QOQxg for 10 min at 4 °C. Equal 
amounts of protein were boiled for 5 min and electrophoresed on a 1 2% SDS- 
polyacrylaraide gel (PAGE) for 45 min at 200 V, Proteins were transferred to a 
0.22 um nitrocellulose membrane (BioRad, Hercules, CA) at 30 V for 1 K. 
Following blocking with 5% non-fat milk, the blots were washed with PBS 
containing CU% Tween-20, and then were incubated at 4 °C for overnight with, 
primary antibodies were dilated !: 500 in PBS. Anti-^-actin antibody was used at 
1:1000. After several washes, the membranes were incubated at room 
temperature for 1 h with the appropriate secondary antibody conjugated to 
HRP, and then washed again. The blots were then visualized with enhanced 
chemiluminescence (ECL) by film. 

Statistical analysis 

The results are expressed as meand:SD. Statistical analysis was performed 
using Student's f-test, p<0. 05 was considered statistically significant. 

Results 

Distribution of phosphorylated ERK1/2, p38 MAPK T .INK in 
the lesional psoriatic skin and normal human skin 

Immunohistochemistry was performed using phosphoryla- 
tion site-specific antibodies to p-ERKl/2, p-p38 and p-JNK, 
to determine the distribution of the activated MAPKs in 
lesional psoriatic skin compared with normal control skin 
(Fig. 1). unmunohistochemistry revealed enhanced phosphor- 
ylation of ERK 1/2 and p38 in psoriatic epidermis. In the 
keratinocytes of psoriatic epidermis, p-ERKl/2 expressed 
mainly in nucleus, partially in cytoplasms, and about 96% 
(h =23 of 24) psoriatic lesions examined showed this pattern. 
Similarly, strong staining for p-p38 was observed in both 
nucleus and cytoplasms in all psoriatic epidermal layers, and 
such pattern account 83% (ra=19 of 24) in all. In normal 
skin, p-ERKl/2 and p-p38 exhibited a weaker, diffuse 
cytoplasmic staining in most epidermal keratinocytes, with 
little or absent nucleus staining. Different with p-ERKl/2 and 
p-p38 ? p-JNK expressed weekly in cytoplasm of keratino- 
cytes, and the staining intensity was comparable between two 
groups, 

Upregulation of phosphorylated ERK1/2 and p3S in the 
lesional psoriatic skin 

To determine whether the MAPK cascade was altered in 
psoriatic lesions, whole epidermis extracts from psoriatic 
lesions and anatomic site-matched control skin, were subject 
to Western blot using antibodies against p-ERKl/2, p-p38, and 
p-JNK. Moreover, MEK and CREB were also detected, which 
were the upstream and downstream signal molecules of ERK 1/ 
2, respectively. 

Compared to normal control skin, increased p-ERKl/2 level 
was detected by Western blot analysis in lesional psoriatic 
epidermis, whereas the level of total ERK 1/2 remained 
comparable between normal versus psoriatic epidermis. As 
the upstream physiological activator of ERK1/2, p-MEK 
expressed higher in psoriatic lesions compared to normal 
control skin. With regard to p-CREB, there was also a sig- 
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Lesional psoriatic skin Normal human skin 




Fig. 1. Representative results of the phosphorylation of ERKJ/2 (a, b), p-p38 (c, d), and p-JNK (e, f) in psoriatic versus normal skin samples. In human psoriatic lesion, 
the hyperplasic epidermis showed an increased level of p-ERKl/2 (a) and p-p38 (c) s particularly in the nuclei of keratinocytes as compared with that in normal human 
epidermis (b> d). Weak cytoplasmic staining for p-JNK was obsei-ved in the psoriatic lesion (e) and normal epidermis (f), IgG negative controls were uniformly 
unstained (g) and positive controls were mammary cancer (data not show), Scale bars: 100 jiro; original magnification: 200 x. 



nificant increase in psoriatic skin. These results demonstrated 
the activation of BRK cascade in the lesion of psoriasis (Fig. 2). 

A similar increase in p-p38 was detected in psoriatic 
epidermis compared to normal control skin, although the level 
of total p38 remained unchanged (Fig, 3), In terras of p-JNK and 
total JNK, there was no significant difference between normal 
versus psoriatic epidermis. 



Discussion 

The mitogen-activated protein kinase (MAKK.) represents 
important regulatory signaling molecules that serve as integra- 
tion points connecting extracellular signals to the transcriptional 
programs of the cell (Robinson and Cobb, 1997). MAPK is 
activated in the cytoplasm and then translocated to the nucleus, 
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Fig, 2. Activation of ERK cascade. Immunoblot analysis of (a) pMEK protein, (c) p-ERK, and (e) p-CREB in the lesional psoriatic sldn and normal human skin. The 
immunobfot was quantified by scanning densitometry. The densities of p-MEK (b) and p-CREB (f) were normalized with those of actin, respectively; and the density 
of p-ERKl/2 (b) was normalized with total-ERK, n « 1 8 for psoriatic group and n = 1 0 for normal human group. *p<0M compared with the control group as assessed 
by Student's Most. 



where it induces gene expression and promotes cell cycle entry 
(Kim-Kaneyama et al, 2000; Zheng and Guan, 1994). The use 
of highly specific antibodies that recognize activated signaling 
molecules within the cellular context allows the analysis of 
potential relationships between intracellular phosphorylation 
mechanisms and diseases. With this approach, we can observe 
perturbations in a particular intracellular pathway that may lead 
to the abnormal pathophysiology of psoriasis. 

The present study showed that p-ERKl/2 and p-p38 widely 
expressed in the lesional psoriatic epidermis, and exhibited a 
clear nuclear localization throughout the entire epidermal part of 
lesional psoriatic skin. In contrast, in normal skin, p-ERKl/2 and 



p-p38 predominantly stained in the cytoplasmic region of 
epidermal keratinocytes with absent or little nuclear stain. 
Previous studies also observed activation of ERK in basal and 
suprabasal keratinocytes of human and transgenic mouse 
psoriatic lesions (Haase et al, 2001), In addition, they found 
keratinocyte ERK could be activated by ligation of suprabasal 
integrins or treatment with IHa. The phosphorylated of ERK 
and p38 were known to translocate to the nucleus where they 
phosphorylated the transcription factors^ which activated genes 
and increased the expression of corresponding protein products. 
Constitutive activation of MAPK increased the growth rate of 
human keratinocytes and delayed the onset of terminal dif- 




Fig. 3. Immunoblot analysis of p-p38 MAPK in the lesional psoriatic skin and normal human skin (a). The immunoblot was quantified by scanning densitometry* The 
density of p-p38 MAPK was normalized with totaI-p38 MAPK (b). p-p38 MAPK intensity showed a significant increase in the lesional psoriatic skin. Data are 
expressed as meandbSD; w — 18 for psoriatic group and 10 for normal human group; */><0.Ol compared with the control group as assessed by Student's r-test 
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ferentiation, recreating many of the histological features of 
psoriatic epidennis. 

Analysis of psoriatic skin showed that the levels of both 
ERK1/2 and p38 activity were increased, which was consistent 
with previous studies (Takahashi el al ? 2002; Johansen et ah, 
2005), Meanwhile, the p»MEK and p-CREB were also found 
increased in lesionai psoriatic skin, which indicated the whole 
ERX1/2 pathway was activated. Phosphorylated ERK translo- 
cates to the nucleus where it phosphorylates the transcription 
factors such as CREB, which activated genes implicated in cell 
proliferation. Several studies indicated the connection between 
the activation of CREB and induction of IL-6, IL-8, and TNF-a. 
CREB-binding sites were found in the promoter regions of 
TNF-a (Kuprash et ah, 1999: Chong et ah, 2003). IL-6 and IL-8 
production was also found to be dependent on CREB 
phosphorylation (Ikewaki and Inoko, 2002; Persson et al, 
2005). The keratinocytes in the lesionai psoriatic skin are 
characterized, not only by abnormal proliferation and differ- 
entiation, but also by increased expression of inflammatory 
cytokines (Jiang et al., 2001; Ettehadi et al, 1994). On the basis 
of the analysis of the cytokines produced, psoriasis is often 
considered to be a T-helper 1 condition, as levels of TNF, IFN- 
Y, IL-1, IL-2, IL-6, and are increased in psoriatic lesions 
(Bos et al, 2005; Bowcock and Krueger, 2005; Krueger and 
Ellis, 2005), Anti-TNF therapies have also been proved 
effective at treating psoriasis, demonstrating a critical role for 
this cytokine in the condition (Bos et al, 2005; Bowcock and 
Krueger, 2005; Krueger and Ellis, 2005). In addition, the ERK 
signaling pathway was associated with epidermal growth factor 
receptor (King et al, 1990), which was postulated to regulate 
the proliferation and differentiation of keratinocytes. 

In addition, a strong link has been established between the 
p3S pathway and inflammation. The activation of the p38 
pathway plays essential roles in the production of proinflam- 
matory cytokines (IL-1, TNF-a, and IL-6) (Guan et al, 1998). 
Recent studies demonstrated increased kinase activity of the 
p38 isoforms p38a, p38p and p386 in lesionai psoriatic skin 
(Johansen et al, 2005). The participation of p38a in cell growth 
has been observed in mammals and treatment on mammalian 
cells with p38ot/p inhibitor SB 203580 slowed proliferation as 
well (Takenaka et al., 1998). p388 has previously been shown to 
play an important role in inducing keratinocyte differentiation 
(Eckert et al, 2003), and recent studies strongly suggested p388 
as the major p38 isofoxm driving the expression of the 
keratinocyte differentiation maker involucrin (Balasubramanian 
et al, 2002; Efimova et al., 2003). It is therefore of interest that 
the differentiation marker involucrin has been demonstrated to 
be increased in lesionai psoriatic skin (Ishida-Yamamoto and 
lizuka, 1995). Thus, the increased kinase activity of p38 seen in 
psoriatic skin might play a role in the psoriatic proliferation, 
differentiation, and inflammatory pattern. 

In the present study, the phosphorylation of ERK and p38 was 
found increased in psoriatic lesions compared with normal 
control, which indicated that ERK and p38 might play a role in 
the pathophysiology of psoriasis. ERK and p38 pathways were 
critical for the proliferation and differentiation of keratinocyte 
(Eckert et al, 2003; Efimova et al., 2003). Based on these 



findings, we propose ERK 1/2 and p38 pathways might be a 
promising therapeutic target for treatment of psoriasis. 
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We find that CD11c* cells with many markers of dendritic cells 
(DCs) are a major cell type in the skin lesions of psoriasis. These 
CD11c* cells, which are evident in both epidermis and dermis, are 
the sites for the expression of two mediators of inflammation 
inducible nitric oxide synthase {iNOS) and TNF-a in diseased skin. 
These cells express HLA-DR, CD40, and CD86, lack the Langerin and 
CD14 markers of Langerhans cells and monocytes, respectively, and 
to a significant extent express the DC maturation markers DC- 
LAMP and CD83. Treatment of psoriasis with efalizumab (anti- 
CD11a, Raptrva) strongly reduces infiltration by these DCs in 
patients responding to this agent Disease activity after therapy 
was more related to DC infiltrates and iNOS mRNA levels than T cell 
infiltrates, and CD11c + cells responded more quickly to therapy 
than epidermal keratinocytes. Our results suggest that a type of 
DC, which resembles murine 'Tip-DCs" that can accumulate during 
infection, has proinflammatory effects in psoriasis through nitric 
oxide and TNF-a production, and can be an important target for 
suppressive therapies. 

autoimmune disease | CD1K | Tip-DC 

The common skin disease psoriasis serves as an accessible, 
model type 1 autoimmune disease (1-3), Evidence for this 
view includes (i) a marked increase in the number of T cells in 
diseased skin, («) the differentiation characteristics of these T 
cells, including a skin-homing memory phenotype, a T helper 
1/Tcl predominance, and oligoclonality, and (Hi) the disease 
improvements brought about by a variety of T cell-targeted 
immunosuppressive agents (4-6). T cell functions are often 
controlled by dendritic cells (DCs), and interestingly, psoriasis is 
characterized by the production of IL-23 by CDllc + DCs in 
lesional skin (7), IL-23 is known to be a pivotal cytokine for 
inflammation during experimental autoimmune encephalomy- 
elitis in mice (8, 9). 

To study the contribution and source of inflammatory mole- 
cules in the pathogenesis of psoriasis (2), we have engaged in 
detailed studies of disease resolution induced by specific biologic 
antagonists. We have emphasized inflammatory mediators as- 
sociated with CDllc" 1 " ceils, where high-level expression of this 
integrin is a marker for many types of DCs (10, 11). We now 
report that CD lie" 1 ' cells lacking the monocyte marker CD14 are 
greatly increased in the dermis and epidermis of psoriasis 
lesions, such that CDllc + cells exceed T cells. Two critical 
mediators of inflammation, TNF and inducible nitric oxide 
synthase (iNOS), are simultaneously and primarily found in 
these CD lie 4 cells, which express HLA-DR, CD40 CD86, and 
to some extent, DC maturation markers DC-LAMP and CD83, 
Successful treatment of psoriasis with efalizumab (5), which 
targets CDUa on leukocytes, strongly reduces infiltration by 
these inflammatory DCs, which are similar to a cell type recently 



described in the mouse: the TNF* and iNOS-producing DC or 
"Tip-DC* (12-14). Given recent evidence that TNF inhibitors 
are able to reverse disease activity in psoriasis (15, 16), our data 
suggest that Tip-DCs are a major inflammatory and effector cell 
in psoriasis. 

Materials and Methods 

Skin Samples, Psoriasis lesions, nonlesional skin, and normal skin 
were obtained from patients and normal volunteers under an 
approved protocol (The Rockefeller University). Experiments 
were conducted on samples obtained from a previously pub- 
lished placebo-controlled clinical trial with efalizumab (n = 65) 
(Genentech and Xoma) (5). Patients treated with efalizumab 
showed greater clinical improvement and reduction of epidermal 
hyperplasia in skin lesions compared to placebo treatment. We 
consider that thin epidermis without keratin 16 (K16) expression 
represents histopathologic remission of psoriasis. None of the 
patients in the placebo group were K16" at day 56, whereas 29 
patients (37%) in the treatment arm were K16*~ at the end of the 
study. Samples from other clinical trials with efalizumab (weekly 
1 mg/kg s.c. for 12 weeks) were used to measure iNOS mRNA 
(n = 13, see Fig. 4B), and a time-course of CD lie* cell counts 
(n = 18, see Fig. AD). 

Antibodies. For immunohistochemistry, we used mouse anti- 
human monoclonal antibodies to K16 (Sigma), CD3 (Becton 
Dickinson), CD8 (BD PharMingen), CDS3 (Becton Dickinson), 
CDla (Becton Dickinson), CD 11c (BD PharMingen), iNOS (R 
& D Systems) and CD 14 (BD PharMingen). For immunofluo- 
rescence, we localized CDllc (BD PharMingen), DC-LAMP 
(Immunotech, Westbrook, ME), CD83 (Immunotech) (1:50- 
1:100) with appropriate IgG goat anti-mouse Ig conjugated to 
Alexa Fluor 488 or 546 (1:250) (Molecular Probes). The second 
primary antibodies for two-color labeling were conjugated to the 
f luorochrome or labeled by using the appropriate labeling kit 
(Molecular Probes) (1:100-1:500): iNOS (R&D Systems) Alexa 
Fluor 546, TNF-a FITC (Becton Dickinson), HLA-DR FITC 
(Becton Dickinson), HLA-DR phycoerythrin (PE) (Becton 
Dickinson), Langerin (Immunotech) Alexa Fluor 488. The TNF 
signal was amplified with a second secondary goat anti-FITC 
antibody (Molecular Probes) for 30 min at 1 pig/ml Antibodies 
for FACS include the following: mouse IgGl FITC (Becton 
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Dickinson), mouse IgGl PE (Becton Dickinson), mouse IgGl 
peridinin-chlorophyll -protein (PerCP) (Becton Dickinson), 
HLA-DR ailophycocyanin (Becton Dickinson), CD3 PerCP 
(Becton Dickinson), CD83 FITC (Immunotech), CD86 FITC 
(BD PharMingen), CD40 FITC (BD PharMingen), CD14 FITC 
{Becton Dickinson), and CD 11c PE (Becton Dickinson). 

Tissue Sections. Skin biopsies were frozen, in optimal cutting 
temperature compound (Sakura Finetek, Tokyo), stored at 
-80°C, stained with hematoxylin (Fisher Scientific, Fair Lawn, 
NJ) and eosin (Shandon, Pittsburgh), or with mouse anti-human 
monoclonal antibodies as above using a published technique 
(17). Data for epidermal thickness and K16 staining are taken 
from ail patients, whereas the rest of the antibodies in the pane! 
(CDla, CDllc, CD83, CD3, and CDS) were applied to 42 
subjects in the active drug group and 26 subjects in the placebo 
group because of a limited number of tissue sections. For 
immunofluorescence, frozen lesional tissue sections from pso- 
riasis patients (n - 8) were fixed in acetone and treated with 10% 
normal horse serum. Primary antibodies were incubated over- 
night at 4°C, the secondary antibody for 30 min, and the second 
primary antibody for 2 h. Images were acquired by using 
appropriate filters of a Zeiss Axioplan 21 microscope with Plan 
Apochromat 20 x 0,7 numerical aperture lens and a Hagamatsu 
orca ER-cooled charge-coupled device camera, controlled by 
METAVUE software (Universal Imaging). Alternatively, images 
were acquired by using appropriate filters of an upright confocal 
microscope with attached Zeiss 5 FIuar/0.25 and 10 Fluar/0.50 
lenses controlled by least squares means analysis. 

FACS. Skin shave biopsies were obtained from two psoriasis 
patients, and dermal cells allowed to emigrate in culture accord- 
ing to a published protocol (18). Shave biopsies are small 
superficial (split thickness) skin biopsies that give the largest 
surface area for efficient emigration of DCs. Briefly, the skin was 
cultured in dispase overnight, epidermis and dermis were sep- 
arated, then dermis was cultured for 3 days, and the derma! 
supernatant was treated with collagenase for 1 h. FACS was 
performed with antibodies listed above, as described (19), A 
provisional DC gate (Rl) was selected based on large cell size 
(FSC) and high side scatter (SCC) (see Fig. IE) (20), and cells 
in this gate were further selected for CD 11c expression (R2). 

Analysis of INOS Gene Expression. DCs were prepared and analyzed 
by quantitative PCR as described (6, 21), Monocytes or T cells 
were isolated by negative selection (Dynal, Oslo), and activated 
with CD3/CD28 beads (DynaL). HaCaT cells were grown in 
Dulbeceo's modified eagle medium (R&D Systems). 

Statistical Analysis, Significance was defined as P < 0.05 using a 
Student's t test. V scores and correlation coefficients were 
computed based on a recently published technique to analyze 
multivariate data (22). 

Results 

INOS and TNF Double-Positive CD11c + Cells Are Greatly Increased in 
Psoriasis Lesions. Expression of iNOS mRNA is typically elevated 
by >10-fold in psoriasis lesions (4-6), and iNOS has been 
detected in psoriasis lesions (23). Because a product of iNOS 7 
nitric oxide, is a key inflammatory mediator (24), we first set out 
to localize iNOS-producing cells in normal skin versus psoriasis 
lesions. Normal skin contained only a small number of iNOS '" 
cells in the dermis (Fig. IA) 7 but abundant iNOS* cells were 
noted in both the epidermis and dermis of psoriasis lesions (Fig. 
IB), In parallel, CDllc* cells had a similar distribution in both 
normal and diseased skin (Fig. 1 C and D), The iNOS* cells were 
large and stellate, with numerous dendritic processes (Fig. 5A, 
which is published as supporting information on the PNAS web 




Fig. 1. iNOS and TNF double-positive CD11c + cells are greatly increased in 
psoriasis lesions. Single™ and double-labet immunofluorescence are shown. 
(Scale bar, 200 ^m.) (Insets) Single color staining controls. (A) iNOS 4 " cells in the 
dermis of normal skin. (fi) iNOS + cells in the epidermis and dermis of psoriasis 
skin. (O CDHc 4 cells in the dermis of norma) skin. {D> CD11c + cells in the 
epidermis and dermis of psoriasis skin. No overlap with Ungerin positive cells 
in the epidermis in Ca nd D. (E and f) There is nea rly com plete overlap between 
CD1 1c and iNOS, and CDllc and TNF. 



site). Two-color immunofluorescence verified that iNOS was 
primarily localized to the CDllc* cells (Fig. IE). Moreover, 
TNF was also expressed almost exclusively in these CD1 lc* cells 
(Fig. IF), which failed to express the Langerhans cell markers, 
Langerin, (CD207) (Fig. ID) or CDla (data not shown), or the 
monocyte marker CD 14 (Fig. SB). These data indicate that the 
lesions of psoriasis contain numerous CDllc* cells that coex- 
press two key inflammatory mediators, iNOS and TNF, but are 
not typical Langerhans cells or monocytes. 

CD1 1c Identifies a Type of Dendritic Cell, We carried out additional 
two-color immunofluorescence studies to characterize the 
CDllc* cells. They were larger cells and all strongly HLA-DR 
positive (Fig. 2A). Some of the iNOS producers also expressed 
markers of maturing DCs, DC-LAMP and CD83 (Fig. 2 B and 
C), and TNF* cells were predominantly HLA-DR* (Fig. 2D). To 
confirm that CDllc was primarily marking DCs, we performed 
more sensitive flow-cytometric analyses of cells from psoriasis 
lesions. The large, CDllc* cells could be classified mainly as 
maturing DCs, because 95% were CD86*, 86% were CD4(T> 
and 63% were CD83 + (Fig. IF). Only a small percentage of 
CDllc* cells were CD14* (12%), and these cells were HLA- 
DR micMow and probably best classified as monocytes, In contrast, 
the CD3* cells in the lesions were primarily found in the small 
cell fraction (R3) 5 and these cells failed to express CDllc and 
CDS3 (Fig. 2G). Because DCs mature when emigrating from 
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Fig, 2. CD1 1c identifies a type of DC. (A-D) Double-label immunofluorescence, {Insets) Srngle-colof staining controls. (A) CD1 1c + cells are all HLA-DR*. {B and 
O Some iNOS* cells coproduce DC-LAMP and CD83. DC-LAMP and iNOS + cells are mature dermal DCs. (0) TNF+ cells are predominantly HLA-DR+. {E-G) FAC5 
of dermal emigrants from a psoriatic patient, <£) R1, cells gated based on large eel! size (F5C) and high side scatter (SCC); R2, CD1 to-positive cells, (fl HLA-DR versus 
IgG 1 f CD86, CD40, CD83 and CD14 expression (R1 + R2). Percent double-positive cells is shown m the upper right q uadr ant. (G) A lymphocyte gate (R3) indicates 
CD3-posttive celts that have low CD11c and CD83 staining. 



skin in vitro, the FACS experiments are likely to indicate that a 
high fraction of mature CDllc* DCs are in the emigrating 
population. Ongoing functional studies indicate that DCs emi- 
grating from the dermis of psoriatic skin are strongly stimulatory 
for proliferative responses in autologous blood T cells, a func- 
tional property of DCs (25), 

CD11c + DCs Are the Major Type of Leukocyte in Psoriatic Skin, 

Different types of leukocytes were then quantified by imrnuno- 
histochemical staining, including the mean number of cells/low 
power field expressing CD la, CDllc, CD83, CD3, and CDS. We 
compared normal human skin and psoriatic lesions before and 
during efalizumab therapy (anti-CD 11a) (Fig. 3) (5). Perhaps the 
most surprising alterations in the leukocytes of psoriatic skin 
lesions were the CDllc* and CD83+ DCs (Fig. 3 B and C). 
Normal human skin or uninvolved psoriatic skin contained 
similar numbers of CDllc' DCs (83 and 91 cells per field, 
respectively), which were exclusively localized in the dermis. In 
contrast in psoriasis, there was a large increase in CDllc + cells 
(411 cells per field, P < 10" 10 compared to normal skin), and 
nearly half (44%) of these CDllc* ceils were found in the 
epidermis, mainly in the lower portions and along the dermo- 
epidermal junction, CD83* DCs were infrequent in normal skin 



(zero to five CDS3^ cells per field in normal skin), but increased 
to 108 CD83 + DCs in active psoriasis lesions (P < 10~ 5 ). The 
overall number of CDllc' 5 cells in psoriatic skin actually ex- 
ceeded the number of CD3* T cells. 

CDllc 4 DCs Are Significantly Decreased After Efalizumab (Anti- 
CDIIa) Treatment, Efalizumab treatment had a major impact on 
skin infiltration by CDllc + and CD83 + DC populations. Over- 
all, a 41% mean reduction in CDllc* cells was measured in 
patients treated with efalizumab (P < IQ~% whereas placebo 
treatment produced no significant reduction. The reductions 
observed in K16" (high responder) patients was even greater, 
averaging 68% for CD 1 lc + DCs, and 89% when the final number 
of DCs was corrected for numbers present in nonlesional skin. 
CD83* DCs were impacted even more by efalizumab treatment, 
as a 90% reduction in mature DCs was observed in high 
responders, with a 98% reduction when corrected by nonlesional 
skin cell counts. There was a mean of 49 CDla 1 ^ (Langerhans) 
cells per field in normal skin, 183 lesional CDla* cells per field, 
and no significant reduction in number of CDla + cells after 
efalizumab treatment. These cells were evenly distributed 
throughout the epidermis of normal and uninvolved skin, often 
concentrated in the upper spinous layer in lesional psoriatic 
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Fig. 3, CD1 1c* DCs are significantly decreased afterefaiizumab(ant!-CD1 1 a) treatment, HJstomicrographs and celt counts of skin biopsies from a normal control 
and a treatment group patient (responded K16 negative), on days 0 and 56. (Scale bar, 200 /u.m.) Mean number of total cells per low power field (lOx) for CD! a 
{A) f CD11c (B), CD83 (O, CD3 (D), and CD 8 {£) (±SD) in normal skin (N, bteck), nonlesional psoriasis skin (NL, gray), and fesional skin of patients in placebo (P), 
treatment {J; all patients), K16 4 (non-and partial responders), and K16" (high responders) groups on daysO (filled squares) and 56 (open squares). P values are 
shown for the indicated comparison- 



epidermis, and restored to normal with therapy. Highly signif- 
icant decreases in CD3* and CD8^ cells were observed in 
efalizumab-treated patients (Fig. 3 D and E). Total CD3+ cells 
declined by 47% in the patients who received efahzumab (P < 
10™*), and by 70% in K16" (high responders) (P < i0~ 4 ). These 
results indicate that CDllc* cells, and not just T cells, are a 
major responsive element in successful CD1 la-based therapy of 
psoriasis. 

Changes in Number of CD11c* and CD83 + Cells, as Well as iNOS mRNA 
Expression, Correlate Highly with Disease Improvement. We used 
efalizumab as a disease-modulating agent in these studies because 
it is a leukocy te-specific antibody, and both DCs and T cells express 
LFA-L A recently developed statistical approach was used to 
compare disease improvement in individual patients to changes in 
specific leukocyte subsets (DCs and T cells) (22), The amount of 
psoriasis disease activity at the end of treatment was quantified as 
a "response score" (Fig, 4), a composite U score derived from 
measurement of epidermal thickness and K16 expression (positive 
or negative) on day 56. As shown in Fig. 44, disease improvement 
(response score) could be related to changes in T cells or DCs. 
However, the CDllc+ population showed the highest correlation 



with the response score (r = 0.62), whereas the correlation with T 
cell changes (CD3 + ) was relatively poor (r - 032), Changes in 
CD83 H " DCs were also better correlated with response (r = 0,52) 
than T cells. We also examined the degree to which disease 
improvement during efalizumab treatment was related to altered 
expression of iNOS mRNA in skin lesions. As shown in Fig. 4#, 
response score was highly related to reduction in iNOS mRNA in 
individual patients (r = 0.83). 

Therefore, we confirmed that myeloid (ex vivo peripheral blood 
monocyte-derived) DCs can synthesize high levels of iNOS mRNA 
by using real-time RT-PCR (Fig. 4C). Immature DCs were able to 
express iNOS, but the highest level of iNOS was measured in 
mature (CD83+ ) DCs, which were differentiated in vitro by using a 
cytokine mixture (21). In comparison, resting T cells, activated T 
cells, blood monocytes, and a keratinocyte cell line (HaCaT cells) 
produced very little iNOS mRNA, We then assessed whether 
CDllc + cells might be reduced before clinical improvement As 
shown in Fig. 4D r during the first 2 weeks of ef alizumab treatment, 
there was a 50% reduction in lesional dermal CDllc + cells (P - 
0.006), but only a 14% reduction in epidermal thickness (an 
indicator of clinical response). The early kinetics of reduction in 
CD 1 lc + cells show that these cells are decreased before thinning of 
the epidermis and clinical improvement occurs. 
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Fig. 4. Changes in number of CD1 1c and CD83 positive cells, as well as iNOS 
mRN A expression, correlate highly with disease improvement (A) Correlation 
between response score and changes in DCs {CD1 1c + and 0083^ ) and T cells 
(CD3+) {u score) between day 0 and 56 for patients in the efalizumab-treated 
group. Correlation coefficients {r} are shown. (B) Correlation between re- 
sponse score and change in iNOS mRNA in iesionaf tissue between day 0 and 
56 (r - 0.83). (Q In vitro monocyte-derived DCs produce iNOS mRNA, INOS/ 
HARP mRNA was measured by RT-PCR m lymphocytes (L), T cells activated by 
CD3/CD28 (ActT), monocytes (M), adherent monocytes (AdM), immature DCs 
ODC), mature dendritic cells (mDC), and HaCaT ceNs (HC). (D) Dermal CD1 1c + 
cell counts/low power field (straight black line) and epidermal thickness 
{dotted black line) during therapy. During the first 2 weeks of treatment there 
is 50% reduction in dermal CD11c + cells (*,P = 0,006) and a 14% reduction in 
epidermal thickness (not significant). ** CD 11c 4 cell counts and epidermal 
thickness at weeks 6 and 12 compared to baseline, P < 0*0001, 

Discussion 

Two important mediators of inflammation, iNOS and INF, are 
known to participate in the lesions of psoriasis (23, 26), and INF 



blockade is an emerging therapy for this disease (15, 16). We now 
find that the iNOS enzyme and the TNF cytokine are abundant in 
a CDllc + ceil in lesional dermis and epidermis. These CDllc* cells 
are the principal reservoir for these two mediators of inflammation 
and actually outnumber T cells in psoriatic lesions. 

Our tissue and FACS staining data suggest that the abundant 
CDllc+ iNOS- and TNF-producing cells in psoriasis are DCs, and 
similar to the Tip-DCs seen in. mice (12-14), except that expression 
of CDllb is lacking on human ceils (unpublished data). Murine 
Tip-DCs were defined as splenic CDllc + , CDllb*, MHC-ir, 
CD40\ and CD86 ' cells producing iNOS and TNF. Tip-DCs 
appeared to originate from circulating cells expressing CCR2 
(receptor for monocyte chemotactic protein-1). They were largely 
absent in normal spleens, but accumulated in response to Listeria 
infection. Mice unable to recruit splenic CCR2 + ceils were severely 
compromised in their capacity to fight Listeria infection. The 
differentiation of Tip-DCs required MyDSS, a central regulatory 
molecule in myeloid development activated by Toll-like receptors 
that is responsible for the induction of a variety of proinflammatory 
cytokines (27). Tip-DCs may be derived from monocytes, because 
cultured monocyte-derived DCs express iNOS (Fig, AC) and TNF 
(unpublished data). 

Previously, epidermal DCs in inflammatory skin lesions (atopic 
dermatitis and psoriasis) have been classified as Langerhans cells, 
inflammatory dendritic epidermal cells (IDECs), and plasmacytoid 
DCs, by FACS techniques (28-30). Tip-DCs might contain the 
IDEC population because both express the integrin CD 11c (unlike 
Langerhans cells). However, IDECs express CD la, suggesting that 
they might be a subset of activated Langerhans cells, and we were 
unable to detect CDla or Langerin/CD207 expression on epider- 
mal CDllc* DCs, In previous work, dermal DCs in psoriasis were 
identified by expression of factor Xllla (31). We are finding an 
increase in Xllla* cells in psoriasis lesions, but these cells are 
confined to the dermis, even in active psoriasis lesions, and are 
distinct from the Tip-DCs. 

Efalizumab clearly blocks trafficking of LFA-1* T cells into 
psoriasis skin lesions (19). The observed DC reduction with 
efalizumab therapy may be due to either a direct effect on DCs 
(which express CD 11 a; ref. 32) or a direct effect on T ceils, 
impacting on the DC-T eel! relationship. We suspect that the 
DCs are a principal target because of our observation that the 
decrease in CD lie* DC numbers during therapy is faster than 
the reduction in epidermal thickness. Likewise, both T cells and 
CDlic* DCs are decreased in psoriasis lesions treated with 
other immunosuppressive therapies such as CTLA4Ig or alefa- 
cept (4, 6), Further proof that TNF- and iNOS-producing DCs 
could be direct inflammatory effector cells in autoimmune 
disease awaits the development of more DC-specific antagonists 
that can be used in clinical studies. 
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